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"... 0 tell me, lonely Goddess! by the harp, 
That waileth every morn and eventide, 
Tell me why thus I rave about these groves. 
Mute thou remainest - mute! yet I can read 
A wondrous lesson in thy silent face: 
Knowledge enormous makes a God of me. 
Names, deeds, grey legends, dire events, rebellions, 
Majesties, sovran voices, agonies, 
Creations and destroyings, all at once 
Pour into the wide hollows of my brain, 
And deify me, as if some blithe wine 
Or bright elixir peerless I had drunk, 
And so become immortal". - Thus the God, 
With his enkindled eyes, with level glance 
Beneath his white soft temples, stedfast kept 
Trembling with light upon Mnemosyne. 
Soon wild commotions shook him, and made flush 
All the immortal fairness of his limbs: 
Most like the struggle at the gate of death; 
Or liker still to one who should take leave 
Of pale immortal death, and with a pang 
As hot as death's chill, with fierce convulse 
Die into life: so young Apollo anguish'd; 
His very hair, his golden tresses famed, 
Kept undulation round his eager neck. 
During the pain Mnemosyne upheld 
Her arms as one who prophesied. At length 
Apollo shriek'd; - and lo! from all his limbs 
Celestial. 
John Keats, Hyperion, 1820. 
CHAPTER ONE 
ARTIFICIAL INTELLIGENCE, EXPERT SYSTEMS AND 
KNOWLEDGE ELICITATION 
"You don't know about me, without you have read a book by the name of 
The Adventures of Tom Sawyer, but that ain't no matter. The book was 
made by Mr Mark Twain, and he told the truth, mainly. There was things 
which he stretched, but mainly he told the truth. " 
(Mark Twain, The Adventures of Huckleberry Finn, 1884) 
1. INTRODUCTION 
This first chapter provides a general introduction to the thesis by "setting the scene" 
regarding the role of knowledge elicitation within both the development of expert 
systems and the wider domain of Artificial Intelligence (A. I. ). The chapter begins with a 
brief history of A. I., indicating the different "disciplines" that have contributed to the 
field. Comments from a leading critic of the early days of A. I. research, Hubert 
Dreyfus, are also included to illustrate the view that "as a field, artificial intelligence has 
always been on the border of respectability" (McCorduck, 1976. p4) -a fact possibly 
due to the frequent extravagant and premature claims of success by researchers in the 
field. 
The second section of the chapter is devoted to a discussion of computer programs 
known as "Expert Systems", which are generally acknowledged in the literature to be a 
sub-set of A. L. The final section of the chapter focuses upon one particular problem of 
expert system development, knowledge elicitation, which forms the subject of this 
thesis. The reasons for investigating KE are expounded upon and some general 
comments as to the nature of this process and its importance in the development of 
expert systems are made as a means of preparing the reader for the following chapter 
which concentrates upon the problems of KE as recognised in the literature. 
1 
2. A BRIEF HISTORY OF "ARTIFICIAL INTELLIGENCE" 
Since Newell, Shaw. and Simon's early work in General Problem Solving (1959) and 
Game Playing. (1963), Hubert Dreyfus has been a leading critic of A. L. After the 
publication of claims by Simon and Newell that their work in problem-solving meant 
that "intuition, insight and learning are no longer exclusive possessions of humans: any 
large high-speed computer can be programmed to elicit them also" (Simon and Newell, 
1958. p6), Dreyfus wrote in a report published by the RAND Corporation in 1965 that 
"The field of Artificial Intelligence exhibits a recurrent pattern: early dramatic success 
followed by sudden unexpected difficulties" (Dreyfus, 1965. p9). Dreyfus' main 
criticism at this stage appears to have been centred upon researchers' lack of constraint 
in publicising the progress and achievements of early demonstration programs. Whilst 
recognising the important advances that Newell and Simon's work represented in the 
field of "computation" and the implications that this new field had for psychology and 
philosophy, Dreyfus openly criticised what he felt to be the premature and over- 
optimistic attitude adopted by these early A. I. researchers. He suggested that the 
emerging pattern in A. I. "is not caused by too much being demanded too soon by eager 
or sceptical outsiders. The failure to produce is measured solely against the expectations 
of those working in the field" (Dreyfus, 1965. p16). Dreyfus' RAND report, which 
contained general criticisms in terms of both the way A. I. research was being conducted 
and in terms of the approaches adopted, was vehemently attacked by officials from the 
Massachusetts Institute of Technology (M. I. T. ), where much of the early work on A. I. 
was being conducted, since it was judged to be "based on thorough misunderstanding of 
the problems and has nothing in common with any good statement that might go by the 
same words" (Papert, 1966. p117). Although Dreyfus appears to have been ostracised 
by much of the A. I. community (eg. McCorduck, 1979. pp202-203), some of his 
comments on the nature of A. I. have been discussed here as an illustration of the early 
"progress" in the field whilst at the same time warning against the particular kind of 
"hype" that A. I. has received throughout its history. 
2 
2.1 Defining "Artificial Intelligence" 
Man's fascination with the concept of a "thinking" machine or of life given to some 
inanimate object is not new, since in the history of western civilisation it stems from 
ancient Greek mythology, through the quests of Medieval Alchemists, seventeenth and 
eighteenth century mechanical statues, nineteenth century novels and into the science 
fiction of today (McCorduck, 1979. pp3-29). Perhaps not surprisingly, A. I., as a 
discipline, is difficult to define, since as Whitby has explained: 
"AJ. has remained, throughout its 30-year history, a loose affiliation of 
computer specialists, psychologists, linguists, philosophers and others. 
Successful A. I. practitioners have been drawn from a wide range of 
disciplines. There has never been much agreement on what exactly A. I. 
is or does" (Whitby, 1988. p134). 
This difficulty of defining A. I. is illustrated by Trappl who reported that at the Eighth 
International Joint Conference on A. I. in 1983,143 definitions of A. I. were-identified- 
(Trappl, 1985. p6). Although numerous categorisations. of A. I. can be found-in the 
literature, the one chosen for discussion here is that suggested by Ringle since it 
provides a useful framework with which to highlight the technical, philosophical and 
psychological aspects of A. L. The four main categories of A. I. suggested by Ringle are: 
A. I. technology, A. I. simulation, A. I. modelling and A. I. theory (Ringle, 1979. p6). 
The category of "A. I. technology" has aimed to provide computer programs to perform 
tasks that if performed by humans would be considered as "exhibiting intelligent 
behaviour" (Beerel, 1987. p56). Unfortunately, sources of this general rule fail to define 
"intelligent behaviour". A distinction to be made here between "A. I. technology" and 
"A. I. simulation" programs is that the former makes no pretence of resembling either 
human psychological structures or processes whereas the results of the latter claim to 
exhibit "human-like behaviour" (Ringle, 1979. p7). Early game-playing programs, such 
as those by Newell, Shaw and Simon (1963), indicated the potential use of A. I. to 
explore human cognitive processes through the process of simulation, whilst researchers 
interested in investigating human psychology, such as Reitman (1965), Loehlin (1968) 
3 
and Feigenbaum (1961), attempted to simulate "broad cognitive abilities or personal 
traits" (Ringle, 1979. p8). 
Whereas "Al. simulation" attempts to mimic the outward behaviour or "results" of 
human mental processes, "Al. modelling" can be seen as being primarily concerned 
with internal components, and represents an attempt to model the data structures, 
internal 
. states and 
information processes that are used by human beings. It is this 
category of A. I. which can perhaps be said to have the closest links with cognitive 
psychology since in viewing A. I. as a "species of top-down cognitive psychology", 
Dennett suggests that "the ultimate, millenial goal of A. I. must be to provide a 
hierarchical breakdown of parts in the computer that will mirror or be isomorphic to 
. some 
hard-to-discover hierarchical breakdown of brain-event ports" (Dennett, 1979. 
p62). The debate headed by Searle concerning "weak" and "strong" A. I. seems to have 
focussed around the different approaches and successes of what Ringle has termed "Al. 
simulation". and "Al. modelling" (Searle, 1984. p28). Ringle described his fourth 
category, "Al. theory", as being that in which researchers are "interested in principles 
of knowledge and intelligence which may be used to account for concrete, physically- 
instantiated, time- and perspective-dependent, cognition" (Ringle, 1979. p10). He 
continues to explain that a distinguishing feature of A. I. theory is that it tends-to be 
conceptual rather than practical, including discussion and research into such areas as 
knowledge representation and formalisation. 
The brief history and discussion of A. I. offered above has attempted to illustrate the 
complexity of both the conceptual and technical nature of A. I. as well as to draw 
attention to the possible misrepresentation of A. I. through extravagant claims regarding 
its progress. Although researchers and commentators admit the difficulty of defining 
Al, many attempts to categorise the field are present in the literature, one of which has 
been briefly discussed in order to illustrate the wider influences of psychology and 
philosophy upon A. I. and AI's influence upon these areas in return., 
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The following section focuses upon a particular sub-set of A. I., namely expert systems, 
describing their development within A. I. and the way in which they differ from 
conventional computer data processing systems. 
3. EXPERT SYSTEMS 
Lack of practical commercial use and the tendency of academic research to concentrate 
upon psychological issues of knowledge modelling and simulation has been a criticism 
levelled at A. I.. As ä comparison to A. I. "proper", expert systems have been described 
as A. I. 's major contribution to practical applications (eg. Diaper, 1989. p19). 
In the early 1960's, the lack of success that A. I. researchers were' experiencing with 
domain-independent General Problem-Solving programs persuaded Buchanan et al. that 
perhaps the wrong strategy towards problem-solving had previously been adopted. They 
suggested that instead of searching for ways of reproducing man's general problem- 
solving approaches more encouraging results could be obtained by confining "problem- 
solving" to a relatively small, specific and well-defined domain of expertise. The result 
of their work in this area was DENDRAL (1965), an expert system to identify organic 
compounds by analysis of mass spectrograms (Buchanan et al. 1969). As late as 1984, 
Feigenbaum reported the recognition of the need for a further change in emphasis from 
expert strategies and their simulation as inference mechanisms to that of domain- 
dependent knowledge: 
"expert systems must be knowledge-rich even if they are methods-poor. 
This is an important result and one that has only recently become well 
understood in A. L. For a long time A. I. focused its attention almost 
exclusively `on the development of clever inference methods. But the 
power of its systems does not reside in the inference method; almost any 
inference method will do. The power resides in the knowledge" 
(Feigenbaum, 1984. p47). 
Other landmarks of "expert system" technology were MYCIN (1972) (Shortliffe, 1976), 
an expert system to diagnose blood infections and recommend antibiotic treatment, 
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PROSPECTOR (1978) (Duda, et al. 1979), which identifies probable sites of mineral 
ore deposits, and R1 (XCON) (1980) (McDermott, 1982), which configures DEC VAX 
computer systems, all of which are frequently quoted in the literature as examples of 
major and successful applications of A. I. technology. Details of more recent but less 
frequently referred to "successful" expert systems can be found in Buchanan (1986), 
d'Agapeyeff and Hawkins (1987) and Bramer (1990). 
Although expert systems are generally acknowledged in the literature to be a sub-set of 
A. I., Diaper has attempted to differentiate between expert systems and A. I. programs by 
maintaining that whilst much research and development in A. I. has been attempting to 
produce "genuinely intelligent machines, expert systems are successful if they appear, 
from the users' point of view, to intelligently deal with the problems set them within 
their domain of expertise" (Diaper, 1989. p20. My italics). However, other researchers 
have argued the potential benefits of developing expert systems more closely around 
models of expert cognition (Cooke, 1985; Slatter, 1985; Evans, 1988), and an 
alternative view, namely that what can be perceived to be the functionalist bias of 
models of computing and psychology is unsuitable for expert system development, has 
also been voiced (Davies, 1989. p342). 
3.1 Expert Systems and "Conventional" Data Processing Systems 
Expert systems differ from "conventional" or "traditional" data processing systems in a 
number of ways. Perhaps the greatest difference between the two lies in the fact that 
expert systems are symbolic manipulators rather than numerical calculators. Hayes- 
Roth and Thorndyke have highlighted this difference by drawing attention to the fact 
that whereas conventional computer programs embody algorithms which manipulate 
numbers to guarantee a solution to the problem in hand, A. I. computer systems 
(including expert systems), "manipulate and reason with knowledge expressed in 
concepts, and relations among the concepts" (Hayes-Roth and Thorndyke, 1985. p23 1). 
It is this shift from seeking the utmost "efficiency" in problem-solving to the 
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"adequacy" of a solution to a particular problem which can be argued to illustrate a 
significant difference between A. I. programs and traditional computer science (Cerri, 
1985. p80). In the place of algorithms, A. I. computer programs utilize "heuristics", or 
rules-of-thumb, which provide a means of searching a "knowledge-base". A central 
element of expert systems, then, which sets them apart from conventional data 
processing systems, is the notion of the embodiment of human "knowledge" or 
"expertise", which is relevant to a particular problem-situation or "domain" of expertise 
within a "knowledge-base". It is to one of the main problems of constructing this 
"knowledge-base", namely knowledge elicitation, that this thesis is directed. 
As a result of the need to manipulate concepts and their relationships, as opposed to 
numbers, A. I. programs necessitate the use of programming languages that are able to 
support this need, such as PROLOG and LISP, and more recently, object-oriented 
languages such as SMALLTALK and C++. The "knowledge-base" consists of human 
"expertise", stored in the form of concepts, facts and relations in some suitable format, 
such as production rules, frames or semantic networks, which enable their relationships 
to be explored through the application of various inference mechanisms. An important 
feature of an expert system, which again differentiates between it and a conventional 
data processing system, is its ability (ideally) to explain its own reasoning when 
prompted to do so by the individual consulting the knowledge-base (Feigenbaum, 1984. 
p39). It has been suggested that a further difference between expert systems and 
conventional data processing systems is that whereas computer data processing tends to 
be process-driven, expert systems, by their very nature, should pay particular attention 
to user requirements (Kidd, 1987. pp8-10) and should be problem-led (Cerri, 1985. p78; 
Trimble, 1989. p234), in their development and implementation. However, the 
"newness" of expert system technology and the consequent need for research and 
development would seem to result in much work in this field being technology-driven - 
a result of enthusiasts exploring the subject of expert systems and seeking applicable 
"test" applications (Trimble, 1989. p223). 
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3.2 Definitions of an Expert System 
The brief summary of the difference between conventional data processing systems and 
expert systems offered above prompts a definition of what an expert system can be 
taken to be. However, a simple and mutually agreed definition appears to be lacking in 
the expert systems literature. There would seem to be almost as many definitions as 
there are researchers in the field so only a representation of the types of definitions put 
forward are outlined here. A very broad definition is given by Feigenbaum who talks of 
an expert system as "a program that achieves a high level of performance on problems 
that are difficult enough to require significant human expertise for their solution" 
(Feigenbaum, 1984. p38). More specific attempts to encapsulate both the theoretical and 
practical aspects of expert systems have led to a diverse understanding of what an 
expert system is. One particular view is that of those researchers who can perhaps be 
said to consider expert systems as a type of "electronic manual", or "check-list" 
(Basden, 1983. p468). For example, d'Agapeyeff encourages and supports the "Know- 
How programming" approach to expert systems development, maintaining its 
usefulness and efficacy in regulation-clarification type application areas. No claim is 
made that such programs can perform to the level of a human expert and d'Agapeyeff 
wams that they are not, normally, to be considered as "advice-giving", but rather as 
being like a parrot "regurgitating bits of know-how on demand" (d'Agapeyeff, 1986. 
p1060). In comparison to d'Agapeyeff, Cross' explanation of an expert system, a 
popular one, describes an expert system as a computer program that "organises 
knowledge into rules or procedures to solve problems for a particular problem or task" 
and which if carefully designed "can perform at or near the level of a human expert" 
(Cross, 1988. p56). Cross can also be seen as reducing some of the "mystery" 
surrounding A. I. by suggesting that perhaps it would be more appropriate to view expert 
systems as "productivity aids" rather than as "truly intelligent software" (ibid). Other 
somewhat "loose" but informative definitions of an expert system come from Collins et 
al. and Brarner. Collins et al. (1985) describe expert systems as a medium of 
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transferring knowledge from anexpert to a user and thus can be seen to play the role of 
"interface". This concept of expert systems as vehicles of knowledge transfer has also 
been put forward by Gill (Gill, 1986). Bramer (1982), on the other hand, has suggested 
expert systems to be "cost-effective consultants", a view which is discussed further by 
Basden (1983. p466-468). 
Hayes-Roth and Thomdyke " have identified, and discussed six major paradigms for 
intelligent systems of which their "Expert' Advisor" can be seen as a reasonably 
informed and informing definition of an expert system: 
"The expert advisor paradigm refers. to the use of A. I. programs to 
achieve input-output characteristics of a skilled human specialist 
providing consultation in a narrow but knowledge-rich area of expertise. 
Such systems utilise large bodies of domain-specific knowledge elicited 
from the human experts whose performance the programs are intended to 
emulate" (Hayes-Roth and Thomdyke, 1983. p233). 
This definition is favoured here since it incorporates many of the points made 
throughout the expert systems literature and most closely resembles the author's 
understanding of an expert system. Although less formal than other definitions, it has 
been selected because it emphasises what seems to be the more realistic idea of 
attempting to "emulate" human performance rather than claiming to offer "intelligent 
advice" or being able to make an "intelligent decision" (see Avison and Fitzgerald, 
1988. p164). 
One final confusion relating to the definition of an expert system is the term "Intelligent 
Knowledge-Based System" (IKBS), or "Knowledge-Based System" (KBS), which often 
appears to be used synonymously with "expert system". A clear distinction between the 
two terms appears to be lacking but the most useful explanation seems to be offered by 
Diaper who has suggested that IKBS, or KBS, may be used to cover the range of 
"applications oriented machines", which includes image, natural language and robotic 
applications as well as the knowledge -manipulation tasks' associated -with expert 
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systems (Diaper, 1989. ppl7-20). The term "expert system", although arguably 
misleading, will be used here. ,. 
3.3 The Potential of Expert Systems: "Hype" -v- Reality 
Confidence in A. I. as the "way ahead" has been clearly shown in terms of very large 
scale research projects and funding in this area. For example, Japan's well-publicised 
and world-leading programme of research into Fifth Generation Computers, established 
in 1981 with an initial three-year budget of $45 M, was an attempt to utilise what Japan 
considered to be their most "precious asset", namely human resources, and to "play a 
leading role world-wide in the field of computer technology development". The overall 
aim of the project is claimed to have been to make "our society a better, richer one by 
the 1990's" through the development and application of - "intelligent" computers 
(JIPDEC report, 1981. p4). 
A similar degree of confidence in A. I. has been shown in the West. In 1985 Trappl 
reported that the United States had recently founded the Microelectronics and Computer 
Corporation (MCC), of which a substantial amount of the $15 M. funding per year for 
ten years was intended for A. I. research. In addition, the US Department of Defence 
requested $600 M. for military research, much of which fell under the banner of A. L. 
Europe's response has ' been mainly in the form of the Alvey (UK) and ESPRIT 
(European Community 1984) projects. The Alvey project, of which one of the four 
main areas of research is Al., has been funded with $300 M. whilst the ESPRIT project 
has had $1.5 B. to be spent in five areas - the largest of which is advanced information 
processing or "machine intelligence" (Trappl, 1985. p2). 
The views of world-leading A. I. researchers and commentators regarding the potential 
impacts of A. I. over the next twenty years were the result of a 3-day task force meeting 
held in Laxenburg, Austria in 1985. The overall conclusions of this meeting seem to 
have been that A. I. can be expected to have great and far-reaching implications for 
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mankind that will result in "radical structural changes in society ... and the transition 
phase will not be easy" (Boden, 1985. p70). However, the excitement and trepidation 
that A. I. fosters is clearly summarised by Nagao when he says: "there are already both 
great expectations for A. I. and serious fears surrounding its possible effects" (Nagao, 
1985. p99). 
As suggested at the beginning of this chapter, the apparent potential of A. I. and expert 
systems has, perhaps, resulted in high expectations on thepart of both the general public 
and those interested in utilising A. I. technology which, unfortunately, have frequently 
not, been fulfilled. ' In a discussion of the development of "thinking machines", 
McCorduck explains that "the boundary between trickery and honest tries is imprecise; 
this fact too is part of the history of thinking machines" (McCorduck, 1979. p6). More 
specifically, Boden (1985. p75) has commented upon the dangerous "sensationalism" of 
reports on A. I. both in the media and "popular" books, as well as in terms of "W-judge d 
remarks from the A. I. community itself', and wams against such irresponsibility. On a 
practical level, Breuker and Wielinga (1987a. p17) have commented that the "number 
of fully operational expert systems is small with respect to the number of systems that 
have been developed", whilst Cross has suggested that "presently most expert systems' 
fail because 1) they require too much expertise from the user ... or 2) they solve only 
certain classes of problems" (Cross, 1988. p56). This last point made by Cross is well 
documented and discussed in the literature and will be returned to 'in Chapter Two. 
Researchers have attempted to establish the type of domains of expertise which appear 
to be most suitable for expert system application (eg. Hayes-Roth et at. 1983. ppl3-16; 
Prerau, 1985. pp27-28), ' and it is-within these somewhat "systematic" domains that 
current "successful" expert systems have been developed' Attempts have also been 
made " to identify factors that appear to influence the commercial success of expert 
systems, 'such as continual support from senior management, motivation of those 
involved; and simple applications to problems that merit an' expert system " problem- 
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solving approach (Trimble, 1989. pp225-226). Guide-lines for limiting the complexity 
of the domain tackled by expert systems (eg. d'Agapeyeff, 1986. p1062), may also have 
played a part in preventing expert systems from so far fulfilling their potential as 
expressed by A. I. researchers and commentators (eg. Arbib, 1985. pp6l-62; Nilsson, 
1985. ppl03-122; Davies, 1989. p344). 
3.4 Strengths and Weaknesses of Current Expert Systems 
In addition to discussions of the perceived advantages and limitations of "thinking 
machines" over human "thinking" abilities, such as that offered by Beerel (1987. p57), 
reports and reviews of actual expert systems provide interesting comments about their 
particular strengths and weaknesses. As perhaps the most well-known and most 
frequently discussed expert system, MYCIN has received considerable attention. 
Although MYCIN itself can be criticised in that it has failed to be used by doctors to 
help them diagnose blood diseases in a practical sense it has been used as a training 
machine for student doctors. The lessons learnt from this project have also enabled 
further developments to be made in the field of expert systems (eg. EMYCIN and 
PUFF (Feigenbaum, 1984. pp42-44)). Criticisms of MYCIN have included reference to 
its style of reasoning, maintaining that it is unlike human reasoning strategies (Fox et al. 
1980. p211), and its method of dealing with probability (Bramer, 1982. p22). 
More general criticisms of expert systems have been made by researchers and 
commentators in the field. For example, Trappl has suggested that surface knowledge 
will not suffice for truly "expert systems" (Trappl, 1985. p27), a point which underlies 
Hart's suggestion that expert systems should also have some knowledge of the 
underlying structure of the domain of expertise in question (Hart, 1982. ppl2-13). 
Boden suggests (1985. p70), that this lack of "deep knowledge" means that expert 
systems are unable to relate their conclusions to the domains in general nor can they 
rely on an overview of the -problem to assess the potential theoretical reliability of 
different hypotheses. A further criticism from Boden is that the interaction between user 
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and expert system is generally limited in that current expert systems are unable to react 
differently to different levels of user (ibid. ). 
As suggested in the section above, the limited range of expert system application areas 
may also indicate a particular weakness of current expert systems. Various summaries 
of types of expert system (eg. Bramer, 1982; Buchanan, 1986; Nau, 1987), show that 
the majority of expert system applications are in the domains of science, medicine, 
engineering and knowledge engineering, computing and mathematics. The recognition' 
of the need to extend these application areas has come from numerous commentators. 
For example, it has been predicted that the greatest benefits of expert system technology 
will come when they can be meaningfully applied to complex domains of expertise 
which are difficult to structure, such as those that relate to strategic management 
(Baldwin' and Kasper, 1986; Beerel, 1987. pp45-54; Avison and Fitzgerald, 1988. 
p166). 
A further criticism of current expert system practices, which appears to be frequently 
overlooked by researchers in the field, is. the substantially high development costs of 
expert systems projects if they are attempted by business organisations. Greenwell 
(1988. p10) reports that expert system projects have a record of "overshooting cost 
projections by an alarming margin" which, whilst not unique in the field of computing 
applications, is exacerbated by the fact that even if successful, expert system projects 
have a tendency to fail to fulfil the expected benefits as suggested by those selling the 
technology. A 'major reason for this type of "scenario" described above, Greenwell 
suggests, is the "lack of an integrated methodology for knowledge engineering and a 
complimentary managerial perspective" (ibid. ). This recognition of the lack of 
comprehensive and appropriate expert system design methodologies is a theme that runs 
throughout the expert systems literature (eg. Breaker and Wielinga, 1987b. pl; Avison 
and Fitzgerald, 1988. pp167-168), and has been an important catalyst to the work 
reported in this thesis. 
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On a more technical level, a number of major problem areas have been identified as 
existing during the process of developing an expert system. Cross has emphasised the 
need for expert system technology to adopt standards so as to encourage and facilitate 
the use of such technology and to enable the sharing of knowledge encapsulated within 
knowledge-bases between different expert systems (Cross, 1988. p59-60). 'Whilst Cross' 
call for standards is practical good sense, the need for further research and development 
into all areas of expert system technology would seem to suggest that standards may be 
some way off (eg. this situation is mirrored in computer information system design per 
se). 
The discussion of the problems surrounding expert systems offered above provides only 
a brief summary of the type of difficulties that exist in the wider sphere of expert system 
development. Other important problem areas that relate to the fundamental components 
of an expert system include those of knowledge elicitation (KE) and acquisition, 
knowledge representation and formalisation, reasoning strategies and probability. It is 
the first of these areas, knowledge elicitation, that is to form the focus of the research 
reported here since its early role in the development of an expert system means that it 
has important implications for the success of the expert system project as a whole. 
I KNOWLEDGE ELICITATION AND EXPERT SYSTEM DEVELOPMENT =k 
Reporting on the difficulties faced when developing DENDRAL, the first recognised 
expert system (1965), the research team remarked that "one of the greatest bottlenecks 
in our total system of chemists, programmers and programs has been eliciting and 
programming new pieces of information... " (Buchanan, et al. 1969. p256). This 
difficulty is still recognised as a core problem and the phrase "bottleneck", together with 
"stumbling-block", have since been adopted throughout the expert systems literature to 
describe the importance and difficulty of knowledge acquisition and elicitation (eg. 
Buchanan et al. 1983. p129; Welbank, 1983. p1; Feigenbaum, 1984. p39; Kidd, 1987. 
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p1; Diaper, 1989. pl1). The recognition of the importance of KE in the development of 
expert systems appears to have grown steadily over the last few years which is reflected 
in the increasing amount of attention paid to the subject in the form of reports (eg. 
Welbank, 1983; Burton and Shadbolt, 1987), ESPRIT and Alvey funded projects (eg. 
Breuker and Wielinga, 1987b; Burton et ý al. 1987), workshops (eg. First European 
Workshop on Knowledge Acquisition for IKBS, -University of Reading, 1987; the 
SERC Workshop on Knowledge Acquisition for Engineering Applications, 1987), 
seminars (eg. Macaulay, 1988), texts (eg. Kidd, 1987; Diaper; 1989), and papers (see 
Bibliography). This attention would seem to result from the recognition that, as Kidd 
explains, "the power and utility of the resulting expert system depend on the quality of 
the underlying representation of expert knowledge" (Kidd, 1987. p1). The importance 
of KB has been referred to in numerous ways. For example, Burton and Shadbolt have 
referred to KE, saying: "This is unquestionably one of the most difficult and trying parts 
of developing an expert system" (Burton and Shadbolt, 1987. p2), whilst Kidd (1987. 
p1) calls it a "crucial stage", and Greenwell (1988. p10) "the least understood process in 
building knowledge-based systems". 
The lack of understanding of the nature of KE, which Hayes-Roth and Thomdyke have 
called "an imprecise art" (1983. p235), has led Breuker and Wielinga to suggest that the 
reason why few expert systems ever reach operational maturity "is probably indicative 
of the fact that the art of knowledge engineering is not well established yet" (Breuker 
and Wielinga, 1987a. p17). To judge from the literature this situation regarding KE has 
resulted in an absence of KB methodologies (as opposed to collections of techniques 
used on an "ad hoc" basis). The recognition of these difficulties as expressed in the. 
literature has prompted the investigation into KE described in this thesis. 
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4.1 Definitions of Knowledge Elicitation 
In early works dealing with the problem of constructing knowledge-bases for expert- 
systems the phase "knowledge acquisition" (KA) tended to refer to this process of 
extracting knowledge, whether it was from a human expert or from a textual medium, 
and its conversion into a machine-readable format. Although the terms "knowledge 
acquisition" and "knowledge elicitation" (KE) have often been used interchangeably 
(eg. Beerel, 1987, p158-9), there has been some attempt by researchers to define the two 
processes and establish their relationship to each other. There appears to be no 
recognised definition of the two terms in the literature since various researchers have, 
placed different emphasis upon what they perceive to be the stages of KA and KE. For 
example, Cordingley has claimed that the KA process is usually divided into the three 
stages of initial analysis, elicitation and representation (Cordingley, 1989, p91), whereas 
Orchard and Tausner have defined KA as being composed of the three stages of 
elicitation, formalisation and representation (Orchard and Tausner, 1988. p165). KE, on 
the other hand, is usually defined as a sub-set of KA and according to Greenwell, a 
"substantial" sub-set at that (Greenwell, 1988. p11). An important difference between 
KA and KE would appear to be that KE is seen to refer to the collection of information 
directly from domain experts only whereas KA includes information collected from 
other sources such as text books and manuals (Burton et al. 1988. p85). 
The definitions of KE offered in the literature describe KE as the process of extracting 
knowledge from a human expert using appropriate elicitation tools and techniques and 
often using analogies such as "mining" (eg. Hayes-Roth, et al. 1983. p5). However, it 
will be suggested here that the process of KE may usefully be thought of in terms of an 
"inquiring system". The arguments for suggesting this, together with its practical 
implications, are discussed in detail in Chapters 6 and 7. Such a view attempts to 
recognise the continuous learning cycle and the re-evaluation of the domain which is 
argued to be experienced by both the expert and knowledge engineer as more 
information about the domain is discovered through the process of inquiry, or KB. 
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Throughout the thesis the subjective aspects of human expertise will be highlighted. To 
this end the term "knowledge engineer", used in the literature to refer to the individual 
who directs the KE process, will be replaced here by the term "knowledge elicitor'. 
This change in term is intended to reduce the "hard", engineering, connotations that are 
associated with the traditional term. Whilst not ideal, since the emphasis is still upon the 
"elicitation" of expertise, the term "knowledge elicitor" is offered as a means of 
referring to the ultimate aim of the individual conducting the KB process. 
In this chapter an attempt has been made to place the process of knowledge elicitation 
within the context of expert system development and to explain the history and role of 
expert systems within the wider field of A. L. In the following chapter the process of KE 
is considered in greater detail by means of a discussion of current KE techniques and 
the problems of KE as perceived by researchers and commentators represented in the 
KE and Expert Systems literature. 
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CHAPTER TWO 
PROBLEMS OFKNOWLEDGE ELICITATION 
TECHNIQUES AND PROCESS 
"They sought it with thimbles, they sought it with care: 
They pursued it with forks and hope; 
They threatened its life with a railway-share; 
They charmed it with smiles and soap". 
(Lewis Carroll, The Hunting of the Snark, 1832-1898) 
1. INTRODUCTION 
In this chapter attention is given to the problems surrounding both the process of 
knowledge elicitation (KB), and the techniques used, as expressed by researchers and 
commentators in the KE literature. It is not the intention to provide an in-depth study of 
the different KE techniques, since this has been provided elsewhere (eg. Welbank, 
1983; Cordingley, 1989; Neale, 1989; Shadbolt and Burton, 1990). Instead, the aim here 
is to draw upon the literature on KE and upon discussions with practising knowledge 
elicitors to present: (i) a brief overview of current KE techniques and their associated 
"problems" and (ii) an analysis of the current practice of KE in order to highlight 
problem areas which seem to necessitate further research. Wherever appropriate an 
attempt has been made to illustrate how researchers have sought to overcome some of 
these perceived difficulties. 
2. AN OVERVIEW OF CURRENT KNOWLEDGE ELICITATION TECHNTOUES 
By way of facilitating the discussion of the large number of different KE techniques 
represented in the literature this section is sub-divided into five categories which cover 
the different "types", or groups, of KE techniques as perceived by the author. However, 
it is emphasised that these five sub-divisions should be regarded as broad 
categorisations for the purpose of discussion rather than as a strict classification of 
techniques. 
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2.1. Interviewing - Unstructured and Structured 
Although there is a tendency for all meetings between expert and knowledge elicitor to 
be loosely called an "interview", the term is used here more strictly to mean the verbal 
question-and-answer approach to KE. The unstructured interview appears to be one of 
the most frequently used KE techniques (Hoffman, 1987. p55). It is said to be 
particularly useful in establishing the key elements, or concepts, of an expert's 
knowledge at the beginning of an elicitation session (Neale, 1989. p111), and in gaining 
an understanding of the expert's jargon (Wright and Ayton, 1987. p15). However, 
information derived from this type of interview (which is usually recorded on tape and 
then transcribed), is often ill-structured which means that much work has to be done on 
the part of the elicitor to make sense of what has been divulged by the expert (Welbank, 
1987a. p14). The informal nature of an unstructured interview, whilst a potential aid to 
establishing rapport between the expert and elicitor (Trimble, 1989. p231; Welbank, 
1987b), has been suggested to restrict the knowledge elicited to that which can be 
verbalized and, consequently, may exclude much of the expert's "knowledge" (Young 
and Gammack, 1987. p1). An additional problem with unstructured interviewing is 
"under-reporting" which may occur due to an expert's inability to "inspect" his tacit 
knowledge (Breuker and Wielinga, 1983. p11). 
Two possible advantages of unstructured interviewing is that, firstly, it may be 
considered'to be less imposing or threatening to the expert than the more structured 
techniques and, secondly, it is frequently regarded as not requiring specialist "technical" 
or "psychological" skills. Such advantages would suggest, therefore, that it is an 
approach which can be used by inexperienced elicitors (Welbank, 1987a. p14), although 
it has also been argued that the ability to elicit knowledge by interviewing is very much 
a specialist skill (eg. Bainbridge,. 1986; LaFrance, 1987. p247). On a practical level, the 
unstructured interview is often the technique with which the elicitor is most familiar. 
Consequently, use of this approach is more likely to promote a relaxed and competent 
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"performance" from the knowledge elicitor, which in turn should increase the chances 
of promoting the expert's goodwill and co-operation. An alternative view is put forward 
by Welbank who suggests that the knowledge elicitor's awareness of the importance of 
the KE process, often results in him choosing, to use an "extremely conservative" 
approach in order to avoid any technique that might be thought "childish and time 
wasting". A result of this, she adds, is that "we end up choosing the interview out of 
cowardice" (Welbank, 1987a. p 17). A similar view was expressed by a practising expert 
system developer interviewed during this research, who pointed out that an important or 
highly paid consultancy is not the place to start experimenting with unfamiliar 
techniques (West, 12/1/90 p3). 
In comparison to the unstructured interview, the structured interview is carefully 
planned step-by-step in advance by the elicitor. Shadbolt and Burton (1990. pp324-5), 
give a useful example of this type of approach indicating how sets of "probe" questions 
can be used to constrain the expert into giving only the information requested. The main 
advantages of structured interviews are the production of well-structured transcripts that 
are relatively easy to convert into production rules, and the way that the expert is 
prevented from wandering from the point under discussion (ibid p3). However, 
Schweickert et al. (1987, p247) have argued that a possible disadvantage of this 
approach is that the knowledge elicitor needs to have at least a rudimentary 
understanding of the domain otherwise he is unable to guide the expert to those areas of 
the domain which are of particular importance. 
2.2 Prototyp 
The use of prototyping as a method of software development has been extended to 
become a popular means of eliciting expert knowledge (Greenwell, 1988. p69). As 
opposed to the usual practice in software development, whereby the prototype is built 
with the help of the proposed user and then discarded as a more advanced prototype is 
built, in expert system development the prototype is frequently continued and presented 
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as the end product (see Edmonds et al., 1990. p107; d'Agapeyeff, 1988). Also there is 
little evidence that this approach'is used in conjunction with the user of the proposed 
expert system but instead focuses upon the expert. Prototyping is frequently used, 
therefore, as a means of quickly building a demonstration expert system which is shown 
to the domain expert who suggests modifications which are then built into the prototype 
ready for the next iteration of feedback from the expert. A potential problem of this 
approach to KE is that some initial KB ' is ' necessary in order to provide enough 
information to begin the prototyping process. This early selection of expert knowledge 
can then be seen to influence and direct the prototyping and KE that follows. 
The philosophy behind prototyping is that the best strategy when developing an expert 
system is to produce a working "demonstration" version of the proposed expert system, 
however "rough and ready", as soon as possible. In this way, it is suggested, the client's 
and expert's interest in the project can be maintained and the worth of the project 
illustrated (Welbank, 1983. p10; 1987a. p15; Ellman, 1987. `p41; Diaper, 1989. p26). 
This approach, often referred to as "rapid prototyping" has received criticism on 
account of its "trial and error" methods, its unstructured and unsystematic approach to 
KE and the way that solutions are applied to the problem before any real analysis of the 
domain has been conducted (Breuker and Wielinga, 1987a. p21). For example, Johnson 
et al. (1988. p125), have warned that building a prototype system early in the KE 
process "may result in a commitment to a specific model of thinking (inference process) 
that does not adequately represent the expertise in question". Diaper has criticised rapid 
prototyping on the grounds that it leads to poor software' engineering practice and an 
irrevocable loss of structure in the expert system's internal architecture since it 
"encourages elastoplast solutions to each new instance that requires modification of the 
prototype by simply adding more knowledge or rules" (Diaper, 1989. pp26-7). 
Nevertheless, prototyping appears to continue as a popular approach to KE and expert- 
system development (West, 28/2/90) and one that is frequently advocated in the KE 
literature (eg. Gudes et al. 1987. pp238-240; Bonnet et al. 1988. pp130-145), in spite of 
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Diaper's warning that "it is certainly an error to believe that this is either a particularly 
satisfactory approach, nor one that warrants the title of a methodology" (Diaper, 1989. 
p26). 
2.3 Psychological Techniques 
In an attempt to overcome some of -the problems seen to exist with the more 
"traditional" type of KE technique, such as unstructured interviewing, many researchers 
have advocated the use of KE techniques that derive from the field of psychology. 
Perhaps the most popular of these techniques is the repertory grid which is based upon 
Kelly's Personal Construct Psychology (PCP) (Kelly, ', 1955). Kelly's view of the 
individual as a "personal scientist" represented an attempt to explain the way in which 
an individual makes sense of his/her. world by means of developing personal constructs 
reflecting personal experience which in turn helps to' influence the individual's future 
action. The notion of describing an individual's view of reality has been developed into 
a practical means of eliciting this personal view known as the repertory grid technique. 
The most popular use of the repertory grid technique appears to be the triadic 
arrangement. In this approach elements relevant to the domain are recorded on cards 
which are then selected, three at a time, for discussion with the expert. The expert is 
required to group two of the three cards together and explain how these two cards differ 
from the third. The expert's explanation provides a construct "against which all of the 
other domain elements can be scored. Three different cards are then selected and the" 
process repeated. By means of statistical analyses clusters of domain elements can be 
identified from which a picture of the expert's view of the domain is then developed. In 
this brief overview of "KE techniques it is not the intention to describe the use of 
repertory grids in any great detail since this has been provided elsewhere, in particular- 
by Shaw and Gaines who have been leading exponents in this area (Gaines and Shaw, ' 
1981; Shaw, and Gaines, 1983; 1987a; 1987b). 
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Gammack (1987. p161) suggests that the repertory grid technique can be used to 
advantage in situations where there can be said to be a small set of closely related 
concepts but no agreed vocabulary by which they can be described. A disadvantage of 
the technique, Cordingley suggests, is that the elicitation of constructs is time- 
consuming and may become "tedious or unnerving" if ill-handled by the knowledge 
elicitor or if the expert finds himself in a "constant rut", being unable to think further 
than a small set of constructs (Cordingley, 1989. p129). A trap that knowledge elicitors 
may fall into as they attempt to speed up the process of defining constructs is to provide 
constructs that have been elicited and proved to be fruitful in a previous session. 
Cordingley explains (ibid) that this approach "certainly violates the personal aspect of 
Kelly's theory and threatens to invalidate the technique" since it assumes not only that 
experts share the same constructs but also that different experts can describe these 
constructs through the same bipolar labels. However, Cordingley suggests that even 
when used in an "unorthodox" manner the technique is capable of generating interesting 
and valid results and there may be times when it is the discussion provoked by the 
elicitation of constructs that provide the required information about the domain (ibid. 
p129-130). 
Much advice on the use of repertory grids for KE can be found in the literature (eg. 
Keen and Bell, 1980; Graham and Jones, 1988; Cordingley, 1989). However, the large 
amount of analysis involved to derive rules from repertory grids has resulted in 
researchers and commentators advocating their use in the form of a computer program 
(see section 2.4 below). 
Descriptions of the use of many other "psychological" techniques for KE can be found 
in the literature (eg. Silva and Regan, 1986; Cooke and McDonald, 1987; Olson and 
Rueter, 1987; Evans, 1988; Neale, 1988). The techniques described below are the most 
widely used and investigated. 
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With protocol analysis the expert is required to "think aloud" whilst performing a 
particular task within the domain of expertise. Conflicting opinions seem to exist as to 
the efficacy'of this technique: Ericsson and Simon (1984. p62) conclude that it enables 
"a nearly complete record of the sequence of information that is heeded during task 
performance" to be elicited, whereas Wright and Ayton (1987. p16) point out that while 
an expert may be able to say what he does, "these verbalisations may not be a. valid 
description of real processes, which may be very difficult for the expert to verbalize". In 
experiments involving a comparison of various KE techniques within a classification 
domain, Burton et al. (1988. p89) report that "protocol analysis does not perform well" 
although they are unsure of the reasons for this. A final criticism of protocol analysis to 
be mentioned here is that the technique may interfere with the task as it is performed 
and may encourage the expert to adopt an "uncharacteristically systematic approach" to 
the task (Graham and Jones, 1988. p282). 
Card sorting and laddered grids have also been investigated as KE techniques. These 
techniques entail recording important elements of the domain on cards which are then 
sorted and arranged by the expert to illustrate meaningful relationships between the 
different elements. Although use of these two "contrived" techniques has indicated that 
they may often be viewed with suspicion and dislike by the domain expert (Graham and 
Jones 1988. p282; Burton and Shadbolt, 1987. p19), experiments conducted by the 
research team investigating KE at the University of Nottingham have suggested that 
within specific domains the results of their use have been virtually the same as the 
results from interviewing (Burton et al. 1988. p87). These techniques seem to be best 
used when the domain exhibits a strong hierarchical structure (Neale, 1988. p114): In 
such cases Burton and Shadbolt (1987. p19) suggest they are capable of producing 
"good quality rules" that "will go straight into the system - at the cost of a difficult 
elicitation session". Graham and Jones (1988. p282) have argued that a possible way of 
overcoming the reticence on the part of the experts towards these contrived techniques 
is to "use them with discretion and combine them with other methods". However, a 
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possible disadvantage of these techniques is that they may restrict the expert to only one 
view of the domain per sort and, therefore, important views of the domain may be lost 
(Gammack, 1987. p160). 
"20-Questions" is an approach to KE whereby the elicitor selects a problem 'situation 
relevant to the domain and the expert requests information from the elicitor'in order to 
be able to identify the problem situation. Facts and rules about the domain can then be 
derived from the expert's information requests. It is an approach to KE that necessitates 
the knowledge elicitor having some knowledge of the domain 'in order to answer the 
questions asked' by the expert (Cordingley, 1989. ppl36-137). One of the major 
drawbacks of the approach is that the preparation involved in order to cover the expert's 
anticipated questions is time consuming (Neale, 1988. p114), ' and the low reliability of 
rule extraction reported in experiments has suggested that this technique is not very 
efficient (Schweickert et al. 1987. p250). ' 
Observing the expert at work has proved to be a useful KE technique in cases where the 
expert's time is valuable or the expert is defensive about his knowledge (Welbank, 
1987a. p14). However, Welbank advises that this is a technique which is inadvisable for 
use by inexperienced knowledge elicitors since they are less likely to be able to interpret 
what they see correctly (ibid). In the case' of an inexperienced elicitor using the 
technique the likelihood of incorporating the knowledge elicitors bias may be increased 
(Olson and Rueter, 1987). 
Although role play and simulation have also been advocated as suitable KB techniques, 
there appears to be little in the KE literature that reports on'their performance during 
KE. With the role play technique the expert is asked to "play out" a scenario previously 
selected by the knowledge elicitor. -For the purpose of KE Cordingley (1989. p146) 
suggests the usefulness of video recording the role play so that the expert can comment 
in retrospect upon their actions and behaviour. During simulation, the expert is asked to 
25 
perform tasks in a situation which resembles the "real-world" as closely as possible and 
his performance is then monitored and analysed. From descriptions of the use of these 
techniques in the literature, a significant drawback to their use appears to be the time 
involved in selecting and setting up the scenarios with which the experts interact. A 
further possible disadvantage is that in order to use these techniques the knowledge 
elicitor must have some knowledge of the domain in order to be able to select relevant 
scenarios. 
The use of a matrix to help an expert to consider all the possible relevant factors in a 
domain has been investigated by Gammack (1987. ppl52-158; 1990), although the 
technique has not been fully developed and tested. Use of the matrix enables 
information about the relationship between the concepts of a domain to be elicited 
which is then relatively easy to convert into production rules. Gammack suggests that 
the strength of this approach is that the technique produces fast results and can be easily 
automated. The disadvantages of the technique include the difficulty of controlling the 
possible combinations of pairs of concepts and the way that relational terms may 
require additional explanation (Gammack, 1987. p161). The technique would seem to 
be most useful in domains consisting of a large number of variables that can be 
combined in many different ways and, therefore, best used in well-defined domains or 
after an initial KE process has specified the variables. 
2.4 Automated Knowledge Elicitation Approaches 
The recognition of the difficulties facing the knowledge elicitor has prompted some 
researchers to suggest that machines may better human performance. during the process 
of KE (eg. Shaw and Gaines, 1987b. pp251-252). The result of this assertion has been 
the development of automated or "machine-aided" approaches to knowledge elicitation. 
In this section these approaches are discussed under the headings of (i) induction, (ii) 
automated knowledge acquisition "workbenches", or "environments", and (iii) machine 
implementations of recognised KE techniques. 
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(i) In the induction method of. KE, general underlying rules are induced by a 
computer program from an analysis of statistical regularities gained from a series of 
examples taken from the domain of expertise (For an overview of the induction method 
see Hart, 1987. pp165-189). Although induction is said to be useful for "making a first 
stab at the rules" (Graham and Jones, 1988. p282), and "very fast and successful for 
shallow classification problems", it has, been criticised in that its use may "miss the real 
richness of the domain" (Welbank, 1987a. p17). Further criticisms levelled at induction 
include that of the problem of rules being induced which do not have any basis in the 
domain and that cause and effect may be concluded from coincidental patterns 
(Shadbolt and Burton, 1990. p336). A further criticism made of induction is the 
dependence of the technique upon a "complete and correct training set" from which to 
begin the induction process (Hart, 1987. p188), and the potential difficulty of providing 
this "training set" (Burton and Shadbolt, 1987. pp10-11). 
(ii) The second category of automated KB approaches to be discussed here is that of 
the KE "environments" or "workbenches" that have been developed such as KADS 
(Anjewierden, 1987), KRITON (Diederich, 1987) and KEATS (Motta et al. 1987). 
These computer programs provide a support environment for the KB process which 
includes such tools as, knowledge-base editors, automated transcript and intelligent 
graphical interface facilities, together with automated versions of interviewing, 
repertory grid, laddering techniques, protocol analysis and machine-learning. These 
large-scale complex programs are considered by some to "indicate the shape and form 
of the next generation of knowledge engineering tools" (Shadbolt and Burton 1990. 
p336). However, their use as reported in the literature suggests these programs to be 
mainly research tools rather than commercially-used expert system development aids 
(Anjewierden, 1987. p4). The reason for this situation is not clear although it would 
seem likely to be due to the expense of using such large and complex KE aids. 
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(iii) The final category of automated KE techniques to be mentioned here is that of 
computer programs that automate existing "manual" KE techniques. Perhaps the most 
successful of these applications are those based upon the repertory grid, such as ETS 
(Boose, 1985), AQUINAS (Boose and Bradshaw, 1987), PLANET (Shaw and Gaines, 
1987a) and KITTEN (Shaw and Gaines, 1987b). However, at present, as with the KE 
"environments", these programs are considered to be largely research tools rather than 
commercial products (Shadbolt and Burton 1990. p336). The application of this type of 
KE technique involves the expert working directly with the program interface which, 
whilst removing one level of interpretation from the KE process (ie. that of the 
knowledge elicitor), may be criticised in that it places the responsibility of the KE 
session solely upon the expert. An advantage of this approach is that it allows the expert 
to work "at [his] own pace without the distraction of a second party" (Burton and 
Shadbolt, 1987. p10). However, a counter argument suggested here is that the strict 
framework and quick response time from the computer may make the expert feel that he 
is being "hurried" and pressurized into making a quick decision. 
2.5 "Subjective" Approaches to KE 
There are several other KE techniques reported in the literature which do not easily fit 
into' one of the above categories although they may be considered as a refinement or 
expansion of a particular technique already mentioned. These techniques have been 
categorised here under the heading of "subjective" approaches to KE because of the way 
in which their authors emphasise the need to elicit the qualitative, heuristic and personal 
aspects of an expert's knowledge which many KE techniques fail to address. One such 
"subjective" approach is the "Teachback Interview" which involves a program of semi- 
structured interviews that are based upon Pask's Conversation Theory (Johnson and 
Johnson, 1987). An example of the way in which this approach seems to differ from 
those 'approaches described above can be found in Johnson and Johnson's claim that 
"the single most important facet of our work is that we treat interview data as 
qualitative data to be analyzed from various perspectives" (ibid. p92). They explain that 
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the reasoning behind this approach is that KE should focus upon capturing the expert's 
conceptual structure of their knowledge (which tends to be of a qualitative nature) and 
not merely their procedural skills (largely quantitative). They suggest that adopting such 
an approach "gives new effectiveness and acceptability" to an expert system. 
Bell and Hardiman's Naturalistic Knowledge Engineering approach developed upon 
Lincoln and Guba's "naturalistic inquiry process" (Lincoln and Guba, 1984), seems to 
share, with the work of Johnson and Johnson, an awareness of the need for an approach 
that is capable of, enabling a subjective analysis of the domain knowledge (Hardiman, 
1987; Bell and Hardiman, 1989). This approach focuses upon methods of articulating 
tacit knowledge by means of a co-operative and iterative process involving users, 
experts, knowledge elicitor and management. However, despite their recognition of the 
need to adopt a subjective view of human expertise, it is argued here that their practical 
KE approach, using interviewing, prototyping and various psychological techniques, 
does not always seem to reflect this view. This criticism is useful since it provides an 
illustration of the difficulty of developing a subjective and practical approach to KE. 
Killin and Hickman (1986) describe "eidetic reduction" as being a phenomenological 
approach to KE. This approach, which is a refinement of introspective and self. 
reporting interview techniques, aims to make explicit the subconscious activity of the 
expert's mind when formulating a problem definition. Killin and Hickman claim that 
'"The benefit of this technique lies in its near immediacy, and the associated absence of 
reliance upon memory which thus inhibits the scope for post rationalised justification'(ibid. 
p3). Although eidetic reduction receives some attention in the KE literature, there 
appears to be little evidence, so far, of its use in a practical sense. 
The' last approach that seems to fit under the general heading of "subjective 
approaches", is that of the ethnographic interview (eg. GM, S. P. 1990). This approach 
aims to acquire knowledge about the "culture" of the domain within which the expert 
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works since, it is claimed, it is knowledge of this "culture" that experts assimilate and 
use when making "expert" judgements (Spradley, 1979. p5). Welbank (1987a. p15) 
suggests that this approach can be usefully deployed where the expert is unused to 
regarding himself as an "expert" or is defensive about divulging information. 
Little criticism has been offered of the techniques described in this last section since 
although they are documented in the literature, they tend to be research areas rather than 
acknowledged KB techniques used by practitioners. They have been included in this 
discussion in order to help illustrate how researchers are attempting to address some of 
the problems that they perceive to exist with the more traditional approaches to KE. It is 
suggested here that a common theme of the approaches discussed in this last section is 
that of the emphasis that seems to be placed upon the recognition of the 
qualitative/subjective nature of an expert's knowledge. 
3. ANALYSIS OF THE PROCESS OF KNOWLEDGE ELICITATION 
In section 2 above an attempt has been made to outline the wide range of current KE 
techniques and to give an indication of the types of problems that researchers and 
commentators recognise to be associated with the different approaches. In the remainder 
of this chapter the focus of attention is placed upon the process of KE. 
The problems faced by those involved in the KE process may result from the practice of 
a particular KE technique or from difficulties that can be considered to be inherent 
within the process of KE itself. These problems seem to be closely interrelated but in 
order to help structure the analysis offered here they will be dealt with under five 
headings which seem, to the author, to illustrate important problem themes. The five 
headings are: Domain, Technique, The Expert, The User and The Knowledge Elicitor. 
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3.1 Domain 
A criticism that can be made of the majority of current KE techniques is that they 
neither encourage nor provide the means for an initial analysis of the domain of 
expertise. On the contrary, it would seem that there is a general tendency for the 
"problem", or domain, to be "taken as given" (Shaw and Gaines, 1983. p100). 
The literature on KE suggests that in current KE practice learning about a domain of 
expertise comes through using the prescribed KE techniques and then translating this 
learning into programming code. Few techniques, advocate holding back at the 
beginning of a project in order to learn about the domain in question-For example, in 
many cases, such as with rapid protoryping, the, emphasis is upon getting a working 
demonstration system up and running in as short a period of time as possible - advisedly 
within three months of the start of the project or even less (Welbank, 1983. plO). This 
failure to investigate the domain would suggest that there is an implicit assumption on 
the part of the expert system developers that the expert (or even the knowledge elicitor) 
"knows" the boundaries of the domain in question. 
Several researchers have recognised the importance of "domain definition" as a first 
stage of KE (eg. Grover, 1983; Shaw and Gaines, 1983; Breuker and Wielinga, 1987b). 
For example, Grover's "pragmatic Knowledge Acquisition Methodology" (1983) is a 
three phase approach involving domain definition, fundamental knowledge formulation, 
and . 
basal knowledge consolidation. During the first phase, the aim of which is to 
produce a Domain Definition Handbook,, Grover suggests that the prime activities, 
should be those of. general problem description, establishing a bibliography of 
reference documents, developing .a glossary of terms, acronyms and symbols, 
identifying "authoritative" experts, defining appropriate -and realistic performance 
criteria, and describing example reasoning scenario (ibid. p437). Although Grover 's 
general advice seems sound (and his approach has been advocated by other researchers 
and expert system developers), he offers no guidance about how these different goals 
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can be achieved. It would appear that in many cases the practical application of this 
process of "domain analysis" concentrates upon the problem domain by taking the 
domain "as given" and then investigating it by breaking it down into parts and sub-parts 
(Welbank, 1983. p8). Thus, it is argued here that "domain analysis", in its wider sense 
of gaining an understanding about the nature of the domain, is generally lacking in most 
KE techniques. 
Shaw and Gaines appear to have recognised the absence of a method to help provide an 
analysis of the domain when using repertory grids for KE. In order. to address the 
difficulty of "teasing out the-base level problem", they have attempted to incorporate 
Personal Construct Psychology (PCP) together, with theoretical elements taken from 
Klir's epistemological hierarchy and Checkland's Soft Systems Methodology. They 
have suggested that these ideas can be operationalised through the use of computer 
programs which are designed to elicit key terms relating to the problem being studied 
(Shaw and Gaines, 1983). 
Arguably, it is at this "domain analysis" stage of KE that the suitability of the domain 
proposed for expert system application. should also be considered. Questions here will 
not only relate to the "type" of expertise of the proposed domain and the state of current 
technology but also to the cost of the project in terms of finance and human resources. 
Further points to be considered include the use to which the expert system will be put 
and the implications that, the introduction of an expert system will have in its 
environment (eg. Basden, 1983. p468; Breuker and Wielinga, 1987a. p19; Diaper, 1989. 
p30). Some methods by which a domain of expertise may be analysed for its suitability 
for expert system application have also been the subject of research (eg. Moll, 1987), 
although it would seem that the recognition of a suitable application is often achieved 
through the use of general rules-of-thumb. In an effort to overcome this problem, 
numerous attempts have been made to identify key elements by which a suitable 
domain of expertise may be recognised (eg. Hayes-Roth et al. 1983. ppl3-16; Prerau, 
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1985). However, often such guide-lines, though well-meaning, are as general as that 
offered by Hart who maintains that: 
"First of all, the project must be technically feasible. Good projects are 
those with a favourable environment, a big potential benefit, and lower 
technical difficulty. These criteria are difficult to measure, but they warn 
against researchers being too adventurous too soon. The technical. 
difficulty may be the hardest to measure, and may not be known until the 
project is well under development. It depends upon the nature of the 
task... " (Hart, 1985. p455). 
The more "constraining" guide-lines, such as those proposed by Davis (Davis, 1982), 
indicate the limit of potentially successful expert systems applications to an even 
greater degree. It would appear, therefore, that whilst current expert systems may be 
able to provide a useful decision-making aid in certain narrow, well-defined and clearly 
established tasks, such as regulation clarification (d'Agapeyeff, 1986. p1062), domains 
of expertise which involve the more heuristic, ill-defined and less well-structured kinds 
of expert decision-making are considered to be mostly inappropriate to expert systems 
development. For example, Basden (1983. pp471-472) differentiates between the 
suitable "narrow and deep" applications of science, engineering and domains composed 
of man-made rules, and the more difficult "wide and shallow" type of domain 
application, such as the prediction of the inflation rate. Basden suggests that the "wide 
and shallow" type of domain is characterised by the difficulty of distinguishing between 
relevant and irrelevant factors since there may be little agreement amongst experts 
which results in low accuracy and reliability. Consequently, this type of domain would 
seem to be prohibitive as far as an expert system application is concerned not only on 
account of there being little consensus amongst experts but also because of the 
difficulty of collecting and ordering the domain "knowledge". Furthermore, the 
exhaustive testing that such knowledge would require and the resulting very large scale 
knowledge-base have tended to place "wide and shallow" domains of expertise outside 
the range of current expert system applications (ibid. p472). As an illustration of the 
weaknesses of expert systems that depend only upon "shallow knowledge", Cohen 
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(1985. p300) describes the way that MYCIN offers diagnosis "without any real (or 
deep) understanding of the physiological or other causal mechanisms which support the 
conclusions". In the case of a medical diagnosis expert system being used in the practice 
of medicine, the potential dangers of this type of situation are great. It is for such 
reasons as this that some commentators have. advised that the use of current expert 
systems should be limited (eg. Graham and Jones, 1988. p280) and should be 
considered as "expert advisors", as they are referred to by Hayes-Roth and Thomdyke 
(1985. pp233-235), rather than "expert systems". 
As a summary to this section on the difficulties of selecting a suitable domain for expert 
system application Welbank's list bf the' characteristics of domains that are difficult to 
capture as an expert system are presented. She suggests that the following points serve 
as practical limitations to the type of domain that can be tackled successfully: 
i) if experts cannot agree about aspects of the domain, 
ü) if experts can only reason about the domain casually since 
representation of this type of knowledge is little understood, 
iii) if the type of problem involved takes a long period of time to 
solve, 
iv) a lot of actions depend upon a lot of conditions, thus making.,, 
interactions complicated 
v) if the problem area contains too many objects and relations and 
much reliance is placed upon commonsense concepts (Welbank, ,. 
1983. p4). , 
It has been the recognition of these problem areas which has encouraged researchers to 
attempt to identify different "types" of "knowledge" within a domain of expertise. The 
results and implications of adopting this approach are discussed in the following 
section. 
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3.2 Technique 
A common theme in the KE literature is that a domain expert's "expertise" comprises 
many different types of "knowledge". This view has led researchers to suggest that 
perhaps different KE techniques can be shown to be most effective when used to elicit 
certain "types" of knowledge (eg. Gammack and Young, 1985; Welbank, 1987a). The 
implication of this argument is that a single technique is inadequate for eliciting all of 
an expert's "expertise" and, hence, the idea of the need for a collection of KE 
techniques, or "toolbox", has been developed (Cooke and McDonald, 1986. p1426; 
Gammack, 1987. p159). As a result of this view, knowledge elicitors have been faced 
with the problem of knowing when a particular KE technique should be applied. The 
idea of matching knowledge "type" to KE technique has been investigated in a number 
of research projects. For example, Gammack and Young (1985. pl11) have identified 
four different "types" of knowledge within the domain of statistics and have suggested 
possible elicitation techniques for each knowledge "type". Olsen and Rueter (1987) and 
Welbank (1987b) have also produced summaries of the types of "knowledge" that 
different KE methods can most usefully address. 
As a result of this overall interest in establishing knowledge "types" and appropriate 
techniques, the literature contains numerous reports of research where the prime 
motivation has been the "evaluation" of certain KE techniques within specific domains 
(eg. Burton et al. 1987; 1988; Hoffman, 1987; Wright and Ayton, 1987; Silva and 
Regan, 1986; Gammack, 1987). Burton et al., who have investigated the potential of 
different psychological techniques during KB, have suggested that it is difficult to 
establish the advantages of using a particular technique for a particular type of 
knowledge. They are led to suggest this by their experiments in this area which have 
indicated that other factors, such as the character of the domain expert (see section 3.3 
below), may also affect the performance of the technique used (Burton et al. 1987. pp6- 
7). Furthermore, they illustrate a practical difficulty of selecting KE techniques by 
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lmowledge "type" when they point out that it may not always be possible to identify 
different knowledge "types" in a domain, especially if the knowledge elicitor is a novice 
(ibid. p2). 
It is suggested here that not all of the KE techniques discussed in section 2 are easy to 
implement from the point of view of the knowledge elicitor. For example, an 
unstructured interview often results in a mass of highly technical detail, with many 
digressions, from which it is very difficult to unravel and extract relevant and useful 
information. Other techniques, such as repertory grids, may require specialist 
knowledge and a certain degree of expertise on the part of the elicitor if they are to be 
used properly which, in turn, may limit their practical application. A technique may 
antagonize an expert (eg. where he is continually asked to repeat a process, defend his 
reasoning or where he is restricted in his response as may be the case with "contrived" 
techniques), or curtail the information he gives if the technique is too difficult or 
demanding (Burton and Shadbolt, 1987. p19). 
Cleaves warns against the danger of bias which can be introduced through either the KE 
technique used or the response format that the expert is expected to utilize. He explains 
that 
"eliciting judgements in the form of decision rules or probabilities may 
create bias if the expert does not normally articulate his thoughts about 
the problem in those terms" (Cleaves, 1987. p158). 
A further example here is that of real-time protocol analysis where an expert is asked to 
explain his thought processes as he carries out a set task in the domain. This approach is 
often difficult for the expert in that trying to think about what he does and explain his 
actions aloud may be unnatural and either interfere with the task performance 
(Cordingley, 1989. p 141) or force the expert into surmising incorrectly about his 
decision-making and action (Wright and Ayton, 1987. p16). An alternative view of the 
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use of such "contrived" techniques has been expressed by Burton et al. (1987. p12) who 
suggest that techniques which "force the expert's knowledge into an unfamiliar format, 
such as card sorts or laddered grids, are much more useful than experts think". As a 
general finding from their research they add that an expert's own estimation of the 
worth of a technique is possibly not the most relevant for the purpose of evaluating the 
usefulness of the KE technique in terms of reliability or quality of rule extraction. 
The foregoing discussion leads on to an area which the author perceives to be a problem 
with the majority of current KE techniques, namely, the way in which the technique 
may impose its own structure upon the KE process. Techniques that are particularly 
prone to this criticism are those that can be said to be technology-driven such as 
prototyping and automated knowledge acquisition techniques. A danger here is that the 
"structure" that is imposed through the use of a technique such as prototyping may not 
be sufficiently flexible to capture all aspects of an expert's "expertise": the rule-based 
presentation of the prototype encourages the expert to inspect his knowledge in terms of 
facts and rules. As Trimble points out (1989. p227), such a practice may have the effect 
of "diverting him [the expert] from some of the subtle, more intuitive knowledge that 
might be of crucial importance in the operation of the system". 
A further criticism of current KE techniques to be found in the literature concerns the 
problem of documentation. Researchers and commentators have recognised the need for 
good and meaningful documentation of the KE process and the knowledge that is 
extracted (eg. Grover, 1983. p436; Hart, 1985. p456; Breuker and Wielinga, 1987b. p2; 
Greenwell, 1988. pp95-96). Careful documentation ensures that those involved can 
review, what has been elicited and consider its worth (Gudes et al. 1987. p241). In 
addition, the lengthy development time of many expert systems (West, 1/12/90 p1), 
means that members of the development team may change, in which case, 
documentation is an important way of transferring information to new team members. 
However, despite the recognition of the importance of documentation, thhe type of 
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advice to be found in the literature on this subject, such as "do not forget to record your 
interview", is of little real practical help and as Burton et al. suggest, leaves one "with 
the feeling that there ought to be more to say" (Burton et al. 1987. p2). It would appear, 
therefore, that the practical application of documentation is taken to be largely a matter 
of "common-sense". 
On the theme of documentation, Nancy Johnson (1989. p179) has argued against the 
practice in which, when using an expert systems shell, "it is not uncommon for there to 
be no independent statement of the knowledge other than the, rule base and some 
glossaries in the help information of the system". She criticises the tendency of 
knowledge elicitors to ""rush into high level programming languages or pseudo-code to 
express domain knowledge" because the production of code is often considered to be 
proof of work done. This practice, ` she suggests, results in a lack of documentation on, 
the domain and of the KE process that may be needed by the different members of the 
expert system development team. In an attempt to overcome these difficulties she 
proposes the benefits of using a particular mediating representation, the systemic 
grammar network, which she describes as' "a computer language-independent notation 
used as a conceptual aid in synthezising knowledge from talk with experts" (ibid. p181). 
A final point to be made in this section concerns the claim of various researchers that 
there is a lack of KE "methodologies" available for use by the knowledge, elicitor. 
Cleaves (1987. p155) points out that KE is "usually conducted in the absence of a 
systematic- conceptual design" and from the review of different KE techniques and 
practice outlined above it would seem that although many of the different approaches to 
KE have been termed a "methodology", in practice they are often little more than a 
collection of techniques, assembled by a particular researcher, for use within a specific 
domain of expertise -(eg. Greenwell, 1988). Breuker and Wielinga (1987a. pp20-21) 
suggest that the main reason for this "ad hoc" and largely unsystematic approach to KE 
and expert system development is that KE is still very much an experimental process 
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which results in "at least some degree of trial and error, and discourages the 
development of a methodology". In an effort to develop a more structured and better 
documented approach to KE the team of researchers into KE from the* University of 
Amsterdam have produced the KADS Methodology which has attempted to provide a 
theoretical basis for the modelling of an expert's knowledge and the tools to support this 
process (Hayward et al. 1987. p487). 
3.3 The Expert 
The KE literature suggests that one of the first questions that needs to be asked when 
starting an expert system project is whether there is a suitable "expert" available who is 
willing to take part in the project? However, it would seem that this question 
presupposes answers to several other important questions relevant to KE, including: 
Who is the expert? Is there more than one expert? Is the expert suited for undergoing 
the KE process? Can he be spared from his work long enough to be useful? Is he willing 
to divulge his "expertise"? 
The first of these questions "Who is the expert? " depends very much upon an individual 
being perceived by his peers or by those "in the know" that he is, indeed, an "expert" 
(Gasparski, 1988. p197), since a universally accepted definition of what makes an 
expert appears to be lacking in the literature. Grover has underlined the difficulty of 
identifying an "expert", especially as in many cases the expert may not be "an available, 
authoritative individual, but instead a collection of part-time advisors aiding the 
engineer in the collection (rather than the recording) of consolidated expertise" (Grover, 
1983. p436). 
To judge from the case studies reported in the literature it would seem that it is usual to 
have a single expert involved in the project (eg. Alvey and Greaves, 1990. p23). 
However, there are times when it may be necessary to chose one expert from amongst 
many so criteria for this selection need to be made. Unfortunately, little research in this 
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area is reported in the KE literature. An alternative, but less frequently documented 
approach is to use a number of different experts. Although using multiple experts may 
cause some problems if attempts are made to represent conflicting views (Boose, 1986. 
p192), it can be a useful approach to validating and cross-checking the information 
divulged by the different individuals and may lead to a wider and more detailed 
description of the domain. For example, Mittal and Dym explain that from their 
experience of using multiple experts, they came to realise that "each set of experts had 
separate goals, assumptions and problem-solving approaches. One could almost say that 
many different kinds of expertise had evolved in what appeared to be a single domain of 
expertise" (Mittal and Dym, 1985. p33). 
The recognition that using multiple experts may complicate the KE process even further 
has prompted McGraw and Seale (1988) to investigate criteria for adopting multiple 
experts and the KE techniques that can be best applied. They conclude that using a 
single expert is "generally less problematic" but where multiple experts are considered 
to be necessary the type of extraordinary problems faced are those of managing the KE 
sessions, verifying different views, lengthy "debriefing" sessions and the need to adapt 
the usual KE techniques used (ibid. p44). On this last point they advocate the use of 
brainstorming as a particularly useful approach to KE with multiple experts, together 
with consensus decision-making and the nominal group technique in cases where status 
or rank seem likely to threaten the group's ability to reach a consensus decision (ibid. 
9939-41). 
An important question which has been raised by Burton et al. (1987. pp6-7) and which 
needs to be considered is whether or not an expert's personality and cognitive style will 
help determine the effectiveness of a particular KE technique? In one of their KE 
experiments they discovered that two psychometric variables "reliably predicted 
subjects' performance in certain of the techniques" (Burton et al. 1988. p89). They are 
now investigating these variables, which are personality (introversion/extraversion) and 
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cognitive style (field dependence/independence), - for their implications for the KE 
process. If their results indicate that the expert's personal characteristics may effect the 
use of a certain technique during KE, the difficulty of selecting an "appropriate" expert 
will become even more problematical. In a similar vein, Graham and Jones (1988. 
p285) have suggested that an expert's ability to articulate and communicate his expertise 
may relate to his personality as well as to the type of expertise he is describing. 
Gammack and Young (1985. p109) have suggested that experts may have difficulty in 
articulating expertise which is based upon audible parameters. Furthermore, experts are 
often unable to explain their knowledge because they. have reached a level of 
"expertise" at which they no longer think consciously about all their actions and 
decisions. Johnson has noted that, paradoxically, an increase in expertise seems to result 
in a decline in the expert's ability to express their knowledge (Johnson, 1983. p79). This 
type of situation suggests that experts are not always aware of 'knowing what they 
know' (Feigenbaum, 1979. p7; Collins et al. 1985. p328). Boden comments upon one 
way of approaching this problem when she suggests: 
'it may be easier to extract knowledge from human experts who are 
competent but who have not yet achieved the -'intuitive' mastery of the 
domain that topflight experts enjoy. The latter give the right answer more 
often, but cannot easily introspect their reasoning processes, which. - 
happen very rapidly and are not consciously accessible... " (Boden, 1985. 
p65). 
Apart from being unable to tell what he knows, an expert may also choose not to tell 
due to fear of criticism of his practice (d'Agapeyeff, 1986. P1063), for fear of his ideas 
being "poached" or a tendency towards preserving his status as an "expert" (Trimble, 
1989. p230). Alternatively, fear or mistrust of the knowledge elicitor and the project as 
a whole may induce a reluctance or refusal to tell (West, 12/1/90 p3). - 
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Evans and Cleaves have warned that for a number of different reasons the information 
obtained from the expert during KE may contain bias (Evans, 1989; Cleaves, 1987). 
Cleaves describes the different types of expert bias: 
"conceptual bias results either from motivational processes, such as 
wishful thinking or having other vested interests in the judgement's 
consequences, or from cognitive processes which are the gears of the 
expert's intuition" (Cleaves, 1987. p158). 
Motivational bias, Cleaves suggests, is difficult to detect unless the knowledge elicitor 
has a considerable knowledge of the domain. However, he judges an expert's cognitive 
bias to be easier to recognise and offers advice on how it can be monitored and 
corrected during the KE process. He suggests the use of both mechanical and 
behavioural techniques such as props like the "probability wheel" to help the expert 
with the problem of probability, logic challenges and consensus interaction (ibid. 
pp162-164). The overall aim in using such techniques is to encourage the expert(s) to 
investigate their own knowledge and to explore their reasoning in an attempt to 
recognise and eliminate bias. 
Recognising the difficulty involved in selecting an expert and the problems faced by 
experts during the KE process, Greenwell (1988. pp89-91) has defined a number of 
questions to be asked of the expert at the beginning of the elicitation process. These 
questions are of a practical nature, such as inquiring about the expert's reasons for 
participating in the project and whether they think they are still learning about the 
domain. Although simple questions, the important point illustrated by Greenwell is that 
the expert is a fundamental actor in the development of an expert system and, therefore, 
it is important for the knowledge elicitor to recognise his problems and concerns. An 
expert's time is valuable and his goodwill essential - points which soon become 
apparent when practicing KE and which assume significant implications for the way 
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that KE is conducted. For example, as one expert system developer interviewed during 
the research explained: 
"in the real business world you only get one or two cracks at knowledge 
elicitation and if you do not ; et enough information to build an expert 
system then it might mean the end of the project. One may have to start 
again" (West, 12/1/90. p4). 
3.4 The User 
The role of the prospective "user" of a proposed expert system seems to have been 
either largely neglected or else it has merely been paid "lip-service" (eg. Graham, and 
Jones, 1988. pp286-287). However, as Greenwell points out (1988. pý8), the user(s) are 
arguably the most important actor(s) during expert system development. Although 
commentators and researchers acknowledge the need to identify the "end-users", they 
often appear to be regarded as a consequence to the design of the expert system and, 
therefore, play a minimal role in the KE process. This situation would seem to be 
particularly true in the case of research projects, as opposed to commercial projects, 
since in the former the emphasis is usually upon technological performance which in 
turn tends to result in "techniques looking for applications" (Trimble, 1989. p226), 
rather than in a solution to a real-world problem. 
In comparison with the 'view of the user described above, Collins et al. emphasise the 
importance of idea . yirig the users view of the role of the 
proposed expert system as a 
practical first step in the development of an expert system. They explain: 
"One should not set about building an expert system without a clear 
model of the end user for whom it is intended. A lot of time and 
unnecessary effort will be wasted if every knowledge engineering 
project takes its aim to be the encapsulation of 'all' the expertise 
pertaining to an area" (Collins et al. 1985. p329). 
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The point made by Collins et al. is that the user's requirements " should dictate the 
complexity of the expert system and until expert system development is better 
understood the machines now being designed should be "end user dependent". 
It would seem that the "user" of an expert system could justifiably be regarded as an 
"expert" in their own right since as they are deemed to need an expert system to help 
them in their problem-solving they presumably have some ability at recognising , the 
problems they face. Following this line of thought, one may conclude that more 
emphasis should be placed upon eliciting the users view of the domain of expertise as 
part of the KE process (eg. Breuker and Wielinga, 1983. pp44-46). However, the 
impression to be gained from the literature is that discussing the role of the "user" is not 
"in vogue" at the present time since despite researchers' recognition of the importance 
of considering the user, emphasis seems to have been placed instead upon the roles of 
the expert and knowledge elicitor (eg. Bell and Hardiman, 1989). 
3.5 The Knowledge Elicitor 
One of the main problems that the knowledge elicitor needs to be wary of during KB is_ 
that of introducing bias and prejudice as he interprets what he learns from the expert. 
LaFrance illustrates a possible result of this situation when she explains that: 
"experts and knowledge engineers alike have different experiences and 
goals as well as preferred ways of thinking and problem-solving. If these 
are ignored, the knowledge engineer's understanding of a particular 
domain may be incomplete or significantly misconstrued" (LaFrance, 
1987. p27). 
Trimble (1989. p231) has argued that knowledge elicitors who are "well versed" in the 
domain being investigated are in particular danger of distorting the expert's knowledge 
by imposing their own ideas upon the expert's knowledge. A knowledge elicitor may 
also bias a KE session in that he may ask leading questions (either consciously or 
unconsciously) that anticipate or direct the expert's response (Cleaves, 1987. p158). 
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This problem seems likely to apply to many KE techniques but especially to 
unstructured interviewing. Silva and Regan (1986. p531) suggest that one reason for 
this is that the phrasing of a question may lead the expert to respond in a way that he 
thinks the knowledge elicitor wants to hear, rather than give a "correct" response. 
However, attempts to reduce the knowledge elicitors bias may often conflict with the 
sensible and frequent advice given in the literature that it is the responsibility of the 
knowledge elicitor to control the KE session carefully (eg. Burton and Shadbolt, 1987. 
p13). 
The knowledge elicitor's job would seem to cut across many different types of skills and 
tasks ranging from technical knowledge to interpersonal skills. For example, Bell and 
Hardiman (1989. p54) suggest that a knowledge elicitor needs to be "a psychologist, a 
counsellor, a diplomat, a researcher, an able politician, as well -as having whatever 
technical skills may be necessary". Commentators have summarised the type of 
characteristics they perceive a good knowledge elicitor should have and this list of both 
"social" and "technological" attributes is lengthy (eg. Scown, 1985. p130; Hart, 1986. 
pp39-48). Nevertheless, it would appear that few people have trained as knowledge 
elicitors but instead learn this role through trial and error. Consequently, it is reported in 
the literature that knowledge elicitors are in short supply and, therefore, can command 
high fees (Graham and Jones, 1988. p279). 
Wright and Ayton (1987. p15) have suggested the reason that KE is "mainly ad hoc and 
non-scientific" is because the knowledge elicitors are often computer specialists who 
have taken on the role without receiving any relevant KE training. Graham and Jones 
(1988. p280) comment that in their experience even the best knowledge elicitors have 
only partial knowledge of available KE techniques and suggest that more should 
become familiar with psychological KE techniques. Hoffman also recognises the need 
for knowledge elicitors to change their "trial and error" approach to KE. He maintains 
that whilst not attempting to "shoehorn the 'tricks of the trade' of building expert 
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systems into the rigid statistics-oriented structure of a psychological experiment", 
knowledge elicitors should "routinely report the methods used to extract experts' 
knowledge and the efficiency of the methods" (Hoffman, 1987. p62). 
The final point to be discussed in this section, which does not appear to be made 
explicit in the literature, concerns the responsibility for the KE process. Arising from 
the discussion of the process and techniques of KE in this and the previous chapter, it is 
argued here that the responsibility for the KE process should not be placed solely upon 
the expert as may be the result of using certain KE techniques, such as the automated 
repertory grid program and prototyping. Although, in many cases this may not cause 
problems the implications for "delegating" responsibility is an issue that merits careful 
thought when adopting KE techniques. It. is suggested here that the responsibility for 
KE should be shared between the elicitor and expert, with each bringing his own 
expertise and abilities to the process. 
4. SUMMARY 
The argument put forward in this chapter has been presented in two parts. The first part 
has offered a summary of current KE techniques as described in the KE literature. The 
second part of the chapter, which has drawn upon (i) the KE literature, (ii) the author's 
experience of various KE techniques and (iii) communication with KE practitioners, has 
provided a discussion*of the types of problem areas that can be seen to be associated 
with Y. E. A summary of the problem areas reported in the second part of the chapter is 
offered in Table 2.1. 
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Problem area Summary of comments made relating to perceived difficulties 
Domain (i) Lack of initial "domain analysis" in current KE 
practice 
(ii) Difficulty of assessing domain in terms of suitability 
for expert system application 
(iii) Limitations imposed by domains considered to be 
suitable for expert system application 
Techniques (i) Prevalent view that "expertise" consists of many 
different "types" of knowledge and different KE 
techniques may be more or less suited to eliciting 
these different types of knowledge 
(ii) Practical difficulties of implementing different KE 
techniques 
(iii) Danger of KE technique imposing its own structure 
upon the KE process 
(iv) Danger of bias being introduced into the KE process 
by the KE technique used 
(v) Lack of documentation aids and advice with most KE 
techniques 
(vi) General lack of KE "methodologies" lead to an "ad 
hoc" and "trial and error" approach to KE 
The Expert (i) Problem of identifying a suitable expert 
(ii) Advantages and disadvantages of using multiple 
experts 
(iii) Possible effects of the expert's personality and 
cognitive style on the performance of KE techniques 
(iv) Practical difficulties that experts experience when 
asked to divulge their knowledge 
(v) Difficulty of overcoming an expert's reluctance to 
divulge his knowledge 
(vi) Importance of engaging the expert's goodwill 
(vii) Danger of expert's bias "tainting" the knowledge 
elicited 
The User (i) Frequent neglect of the user's important role during 
KE 
(ii) Potential advantage of viewing the user as an "expert" 
in his' own right 
The (i) Danger of the knowledge elicitor introducing bias 
Knowledge into the knowledge divulged by the expert 
Elicitor (ii) Wide range of "social" and "technical" skills needed 
.. by the knowledge elicitor 
(iii) Lack of training for knowledge elicitors results in 
them using few of the available KB techniques 
(iv) Tendency for the knowledge elicitor to delegate sole 
responsibility for KE to the expert instead of 
developing joint responsibility 
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The overall aim of Chapter Two has been to illustrate the complex nature of KE and to 
indicate areas of this process which researchers and commentators recognise as being 
problematical. 
The following chapter describes the author's attempt to structure the complex problem 
situation depicted here by re-investigating KE using a systems-based inquiry 
methodology. The results of this investigation are offered as a means of identifying a 
potential "core" problem area of KE. 
I 
48 
CHAPTER THREE 
A RE-INVESTIGATION OF KNOWLEDGE ELICITATION USING A 
SYSTEMS-BASED INQUIRING METHODOLOGY 
"'How would it be? ' said Pooh slowly, 'if as soon as we're out of sight of this Pit, 
we try to find it again? ' 
'What's the good of that? ' said Rabbit. 
'Well', said Pooh, 'we keep looking for Home and not finding it, so I thought that 
if we looked for this Pit, we'd be sure not to find it, which would be a Good 
Thing, because then we might find something that we weren't looking for, which 
might be just what we were looking for, really"'. 
(A. A. Milne, The House At Pooh Corner, 1928) 
1. INTRODUCTION 
The picture of KE developed from the literature review in the previous chapter is one of 
a complex problem situation, containing many different aspects that are likely to be 
problematical for those attempting to undertake KE. It is suggested here that before 
attempting to alleviate any of the problems of KE related in Chapter Two, the 
researcher needs to have some understanding of the overall process of KE. This 
understanding needs to include both a consideration of the way in which KE influences 
the development of an expert system and the way in which KE can be influenced by the 
technological process of expert system development. As opposed to addressing each of 
the problems of KB reported in Chapter Two individually, the approach adopted in this 
research has been to try and view the problem of KE as a "whole" within the context of 
expert systems development. To this end the author has adopted a systems-based 
inquiring methodology, Soft Systems Methodology, in order to help structure a re- 
investigation into the problems of KE. Soft Systems Methodology (SSM) (Checkland, 
1981) has been adopted because its use seemed to offer a means of structuring an 
inquiry into the kind of complex, unstructured problem situation that in the previous 
chapter KE was illustrated to be. 
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The aim of the re-investigation of KE reported in this chapter, therefore, is to (i) gain a 
wider appreciation of the problems of KE as reported in the KE literature and the role of 
KE within the process of expert systems development, (ii) to lend some kind of 
structure to the complex problem situation identified in Chapter Two and (iii) to explore 
whether any "core" problem areas, or underlying problem themes, of KE could be 
identified that might go some way towards explaining the resultant "mess" that is KE. 
This chapter begins with an explanation of the reasons for the choice of SSM as a 
means of re-investigating KE. This explanation includes a brief overview of the 
development of "Systems" thinking and of SSM as a particular stream of the systems 
movement. The various stages of the re-investigation are then illustrated and discussed. 
The chapter concludes by relating the lessons to be learnt from this exercise and 
suggests a possible "key" problem area for KE, namely, the view of "expertise" that 
appears to be adopted by those involved in KE and which seems to underlie the 
majority of current KE approaches. 
2. CHOICE OF A SYSTEMS-BASED INQUIRING METHODOLOGY 
The approach selected for structuring a re-investigation into the problems of KE is Soft 
Systems Methodology (SSM), which has been developed by researchers in the 
Department of Systems at the University of Lancaster over the last two decades. It is not 
the author's intention in this section to argue the theoretical basis of SSM nor to discuss 
at any great length the development of the methodology as this has been done elsewhere 
(eg. Checkland, 1981,1989c, 1990; Wilson, 1984; Woodburn, 1985; Atkinson, 1986; 
Checkland and Davies, 1986; Stowell, 1989; Checkland and Scholes, 1990). In this 
research SSM, as a problem-solving methodology is "taken as given" and the emphasis 
is placed upon its use as a means of "finding things out". The purpose of this section is 
to offer a brief overview of SSM and to explain the reasons for choosing it as a way of 
re-investigating KE. 
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2.1 Systems Thinking 
Before dealing with SSM it is worthwhile at this early stage of the thesis to outline the 
development of "systems" thinking since a substantial part of the ideas offered in this 
research relate to systems thinking and practice. . 
In a clear and informative account of "the shape of the systems movement", Checkland 
maintains: 
"That the systems movement is, even on a jaundiced view, at least a 
loose federation of similar concerns - linked by the concept 'system - is 
the main achievement of Ludwig von Bertalanffy" (Checkland, 1981. 
p92). 
Von Bertalanffy, a biologist who from the 1930's developed his ideas of biological 
organisms as "open systems", believed in the transdisciplinary nature of the concept of 
"system". Ackoff reports that von Bertalanffy viewed 'systems' as: 
"a wedge which could open science's reductionist and mechanistic view 
of the world so that it could deal more effectively with problems of 
living nature - with biological, behavioural, and social phenomena - for 
which he believed application of physical science was not sufficient and, 
in some cases, not even possible" (Ackoff, 1974. p13). 
A result of such early systems thinking was the founding of the Society for General 
Systems Research in 1954 by von Bertalanffy and three other like-minded thinkers: 
Gerard, Boulding and Rapoport. The overall aim of the society was to encourage and 
develop a "general systems theory" that would provide the language and tools for 
analysis and understanding across traditional subject boundaries. 
Central to the system movement is the concept of holism (as opposed to reductionism), 
together with the notions of emergence, hierarchy, communication and control. The 
small space available here and the purpose of this section prohibit a lengthy discussion 
of the development of systems concepts but this can found elsewhere (eg. Boulding, 
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1956; Churchman, 1968; Ackoff, 1974; Checkland, 1981; Schoderbek et al. 1990). In 
order to give the reader some idea of the development of systems thinking, Checkland's` 
diagram which illustrates the shape of the systems movement is offered as a summary: 
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The diagram illustrates the development of sub-systems within the systems movement 
relating to the theoretical development of systems thinking and the development and use 
of systems thinking in real-world problem-solving. The problem-solving system 
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contains sub-systems that relate to "hard" and "soft" systems thinking and practice, both 
of which draw upon General Systems Theory. 
A useful distinction, illustrated in' the diagram, is made between two streams of 
"systems" thought. One stream can be said to view the world as being systemic, that is, 
it is composed of systems that can be engineered. It can be argued that such a view 
represents systems thinking as an ontology in the sense that such a view takes systems 
to exist. In comparison, the second view adopts "systems thinking" as an 
epistemological "tool" to help structure investigation into the complexities of the "real 
world". Checkland emphasises the importance of this distinction for the systems 
movement: 
"The historical failure to recognise that systems is an epistemology leads 
in fact to the vitally important distinction between the 'hard' and 'soft' 
traditions in systems thinking" (Checkland, 1986b. p14). 
In this research an epistemological view of "systems", will be adopted whereby the 
systemic property is "assigned to the process of inquiry rather than to the world", and as 
such, the intention of . the author 
is "to attempt to secure some understanding of the 
complexity [of the 'real world'] by using a favourite abstract concept or metaphor, 
namely that of 'system... (ibid. p14). 
2.2 Soft Systems Methodolo v 
SSM was developed experientially through the application of the "hard" systems 
engineering approach to "soft" problem situations that were judged to exist within social 
or "human activity" systems. "Soft" problem situations can be described as situations in 
which a "problem" is perceived to exist by individuals associated with the 'problem 
situation' but the problem is "fuzzy", ill-defined and its "goals are often obscure" 
(Checkland, 1981. p149). Checkland characterises a "soft" or unstructured problem 
situation as being one in which "problems" are "manifest in a feeling of unease but 
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which cannot be explicitly stated without this appearing to oversimplify the situation" 
(ibid. p154). It was the application and subsequent failure of "hard systems" approaches* 
within such "soft" problem situations that led to a programme of action research into the 
development of a methodology capable of addressing "'soft' ill-structured problems and 
using that experience as a source of insight into the special properties of social systems" 
(ibid. ). 
The following diagram is frequently used to illustrate the different "stages" of the 
methodology and the relationship between them. 
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Figure 3 .2A summary of Soft 
Systems Merhodoloev (Source: Checkland. 1981. Fig. 61 
The diagram represents the seven stages of the methodology. which, Checkland 
suggests, is a convenient way of describing it but he is quick to emphasise that the 1-7 
54 
sequence does not have to be strictly adhered to when using the methodology. In fact, 
Checkland maintains that "backtracking and iteration are also essential" and explains 
that in his experience, "the most effective systems thinker will be working 
simultaneously, at different levels of detail, on several stages" (ibid. pp162-163). 
The first two stages of the methodology Checkland calls an "expression" phase during 
which the inquirer builds up the "richest possible picture, not of 'the problem' but of the 
situation in which there is perceived to be a problem" (ibid. p163). Checkland stresses 
the need to avoid imposing a particular structure on this view of the problem situation 
and advocates "holding back" at these stages in order to gain as many different 
perceptions of the problem situation as possible (ibid. p165). In an attempt to counter 
the limitations and assumptions that abound in language, Checkland has promoted the 
use of a cartoon-type representation at stage 2 as a means of expressing what appears, to 
the inquirer, to be "relevant problem themes" of the problem situation (Checkland, 
1989. p85). As a guide to these two stages, Checkland emphasises the need to resist 
pressing the analysis "in systems terms" and to view the problem situation as just that - 
a context within which a problem, or problems, are perceived to exist (Checkland, 1981. 
p165). Further assistance in undertaking these two stages was given by Checkland who 
suggested that in an attempt to achieve "as neutral a display as possible", the concepts 
of "structure", "process" and the relationship between these two elements which he 
terms "climate", may be useful (ibid. p166). However, criticisms that these guide-lines 
are rather too abstract for practical use has led to the development of three related 
analyses for "finding out", known as Analyses One, Two, and Three (Checkland, 
1986a). 
The third stage of the methodology involves the development of "root definitions" from 
relevant systems expressed in the "rich picture". Relevant systems are selected by 
naming notional systems which, from the first two stages of the methodology, seem to 
the inquirer to be relevant to the problem situation. A root definition is a description of 
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each of the notional systems of which there may be many and all of which will 
incorporate a particular view, or "weltanschauung", of the problem situation which is 
made explicit (Checkland and Davies, 1986). As such, a, root definition may be 
described as "a set of purposeful human activities conceived as a transformation 
process" (Checkland, 1981. p169). In order to help check that a root definition is "well- 
formed", a number of guide-lines have been "derived by intuition based upon 
experience of using the methodology" (Smyth and Checkland, 1976. p78), and are 
presented in the form of the mnemonic "CATWOE" (eg. each letter of CATWOE 
represents an element which, is deemed desirable to be included with a root definition, 
either explicitly or implicitly. A more detailed description and illustration of CATWOE 
is given in section 3 below). 
Stage four of the methodology involves the development of a "conceptual model" from 
each root definition. The conceptual model is a model of the activities necessary to 
accomplish the transformation process that has been defined in the root definition. 
Checkland describes the relationship between the root definition and conceptual model: 
"the definition is an account of what the system is; the conceptual model is an account 
of the activities which the system must do in order to be the system named in the 
definition" (Checkland, 1981. p169). The conceptual model is purely conceptual. It is 
not to be seen as what is or what should be but as a description of what logically needs 
to happen in order for the transformation expressed in the root definition to take place. 
This point should be made clear since stages 3 and 4 take place in the world of "systems 
thinking". The tendency to model what is perceived to exist in the real world, as 
opposed to what is described in the root definition, must be avoided. Failure to do this 
results at stage 5 in "comparing like with like" (ibid. p170) which defeats the object of 
the use of the methodology. 
To help in establishing the validity of a conceptual model, Checklan}d has developed the 
"formal systems" model (ibid. pp173-177), which is "a compilation of 'management' 
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components which arguably have to be present if a set of activities is to comprise a 
system capable of purposeful activity" (ibid. p173). Although use of the formal systems 
model cannot ensure that the conceptual model is "valid" it can help to ensure that it is 
not so poorly developed as to be of little use at the next stage of the methodology where 
the conceptual models are compared with "Reality". 
The purpose of the root definition and conceptual model stages of the methodology is to 
provide a comparison between views of a problem situation that have been developed 
and made explicit through the use of systems thinking with what is perceived to be the 
'real-world' problem situation. Checkland explains that : 
"the comparison is the point at which intuitive perceptions of the 
problem are brought together with the systems constructs which the 
systems thinker asserts provide an epistemological deeper and more 
general account of the reality beneath surface appearances; it is the 
comparison stage which embodies the basic systems hypothesis that 
systems concepts provide a means of teasing out the complexities of 
'reality"' (ibid. ppl77-178). 
The comparison of perceived "reality" as expressed at stage 2 with the activities 
described in the conceptual models can take place in a number of different ways. 
Checkland describes how experience of this stage of the methodology has identified 
four "comparison" approaches, namely: (i) using the conceptual model as "a base for 
ordered questioning" in the problem situation, (ii) by comparing what has happened in 
the past with what would have happened if the relevant conceptual models had been 
implemented, (iii) by comparing the difference between present activities and those 
activities that are shown in the conceptual models, and (iv) the "model overlay" method 
whereby a model of "what exists" is laid over the conceptual model with a view to 
identifying the mismatch which then becomes "the source of discussion of change" 
(ibid.. p179). As a general point it can be said that the purpose of stage five of the 
methodology is to provide a platform for discussion which may- lead to further 
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understanding about the problem situation as described in stages one and two of the 
methodology. 
At stages six and seven of the methodology, changes which are perceived to be both 
feasible and desirable by those involved and which are deemed likely to help alleviate 
the problem situation are discussed. Checkland suggests that changes of three types are 
possible, namely, changes in structure, procedures and attitude (ibid. p180). Changes of 
structure and procedure tend to be of a practical nature and are judged by Checkland to 
be "easy to specify and relatively easy to implement" (ibid. p180). Changes of attitude, 
or changes in what Vickers calls "an appreciative system" (Vickers, 1965), are less easy 
to define and recognise. It is this type, of, change that may perhaps be most closely 
associated with the "learning", or "appreciation", on the part of those involved in the 
application of SSM as an inquiring system. 
2 .3 Reasons 
for Selecting SSM as a Means of Re-Investigating Knowledge Elicitation 
The iterative view of the use of SSM underlines the distinction of SSM as a 
"methodology" as opposed to a "technique". Checkland believes the distinction to be an 
important one. He takes "methodology" to be placed in meaning between "philosophy" 
and "technique", or "method". Whilst philosophy offers "a broad non-specific guideline 
for action" and a "technique" is "a precise specific programme of action which will 
produce a standard result", a methodology, he, maintains, can be seen as "a set, of 
principles of method which in any particular situation have to be reduced to a method 
uniquely suitable to that particular situation". (ibid. pp161-162). The methodological 
nature of SSM is illustrated by Checkland when he suggests that "the most effective 
users of the methodology have been able to use it as a framework into which to place 
purposeful activity during a systems study, rather than as a cookery book recipe... 
" 
(ibid. p 162-163). 
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The significance of this distinction between "technique" and "methodology" is an 
important one since as a methodology SSM can be used to address the "astounding 
variety and richness" of situations existing in the real world of "soft" problem situations. 
Checkland explains that used as a technique, SSM "will fail because it will eliminate 
too much of the munificent variety we find in real life" (ibid. p162), and by limiting the 
available view of the problem situation, will reduce the ability of the approach to be 
used to promote learning about the perceived problem situation. 
The theoretical basis of SSM was not investigated in full until after its development 
(ibid. p261), when researchers began to explore its sociological assumptions and its 
relationship to the work of other researchers (eg. Prevost, 1976; Naughton, 1979; 
Checkland, 1981,1982; Jackson, 1982; 1983; Mingers, 1984; Atkinson, 1986; 
Checkland and Casar, 1986). For the purpose of explaining its selection as a method of 
re-investigating. KE, the association of SSM and Churchman's theory of inquiring 
systems (Churchman, 1971) and Vickers' notion of an "appreciative system" (Vickers, 
1965) are of particular importance here. 
Checkland describes "soft" systems thinking, of which SSM is a part, as "the learning 
paradigm" (Checkland, 1981. p258), and it was on the basis of the attributes of this 
paradigm that the author's choice in selecting SSM as a means of structuring a re- 
thinking about KE was directed. It is not the intention to discuss SSM as a means of 
inquiry to any great extent here as this aspect of SSM will be dealt with in more detail 
in Chapters Six and Seven. Nor is Vickers' notion of "appreciation", a process by which 
individuals or groups, by their experience of life, can be said to "learn" and develop 
"reality judgements" and "value judgements" by which they make sense of their world, 
to be discussed here since this forms a significant part of the argument put forward in 
Chapter Six. The aim of this section will be fulfilled by explaining that Checkland 
describes SSM as "a Singerian enquiring system whose mode of operation provides a 
formal means of initiating and consciously reflecting upon the social process of 
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'appreciation"' (ibid. p264). Thus, SSM is adopted here as "a learning system" which 
"articulates a process of enquiry" (Checkland, 1989. p78). 
The advantages for selecting SSM as a way of structuring a re-investigation of KE can 
be summarised as follows: 
(i) SSM has been developed especially to provide a means of tackling 
"soft" problem situations that can be perceived to exist within 
social, or human activity systems. Chapter Two of this thesis has 
presented KE as a situation where although problem areas can be 
recognised, they may be more accurately viewed as manifestations 
of "the problem situation" itself rather, than as individual 
"problems". 
(ii) Use of SSM encourages the inquirer to resist the imposition of a 
view of the problem and to seek instead a broad investigation and 
understanding of the problem situation through the provision of an 
appropriate framework for discussion and learning. 
(iii) Application of the methodology makes explicit the view-points 
behind the definition of the problem situation that are offered for 
discussion and analysis 
(iv) Application of the methodology does not promise a solution to the 
perceived problem situation but its use as an inquiring system may 
facilitate problem-solving through increased understanding of the 
problem situation. 
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3. THE RE-INVESTIGATION OF KNOWLEDGE ELICITATION 
The purpose of this re-investigation is not to develop an appropriate new approach to 
KE that overcomes the difficulties associated with KE as reported in Chapter Two. 
Instead, this exercise has been conducted in order to try and come to a greater 
understanding of the type of activities that logically need to take place if a particular 
definition of KE is taken. The view of KE expressed in the following root definition is 
intended to be neither clever nor innovative but as Checkland points out, "a root 
definition does not have to be noticeably clever to be useful" (1981. p167). The root 
definition offered here attempts to . 
describe, as simply and as straightforwardly as 
possible, the view of KE that the author perceives to be commonly accepted in the KE 
literature and which is described in Chapter. One of this thesis. The root definition deals 
with the elicitation of "expertise" from a human expert so that it can be transferred to an 
expert system knowledge-base. The root definition is not concerned with the 
construction of the knowledge-base but concentrates upon the elicitation of relevant 
domain expertise: 
"A knowledge elicitor- and expert-owned system to elicit an expert's 
'expertise' within a particular subject area, or domain, for the 
purpose of transferring that 'expertise' to -an expert system 
knowledge-base which can subsequently be used beneficially by a 
'user"'. 
. -, 
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As a means of ensuring that the root definition is "well-formed" so as to be adequate for 
developing as a conceptual model, the CATWOE elements are explored and discussed 
below: } 
C (Customers) - users of the expert system 
A (Actors) - the knowledge elicitor as the one who elicits the expert's 
expertise"; expert; users 
T (Transformation) 
Knowledge about 'expertise'. 
Unelicited, unelected 
expertise. 
ES technology. -T- 
Potential users without 
benefit of ES. 
Expertise elicited. 
Selected expertise 
ready to transfer to a 
knowledge-base 
Potential benefit 
of elicited "expertise" to user 
W (Weltanschauung) - that "expertise" can be elicited from a human expert by a 
knowledge elicitor through the process of knowledge 
elicitation and that the resulting expertise, if trznsferred to a 
computer-based expert system, can be of benefit to a user, or 
users. 
O (Owners) - expert and knowledge elicitor 
E (Environment) - the domain of expertise and the use to which the user will put 
the expert system; expert system technology; current 
knowledge elicitation practice and techniques. 
The root definition develops into the following conceptual model which will be used 
here to lend some "structure" to the problem of KE as discussed in the previous chapter 
and to highlight any relevant areas that appear to be unaddressed by the literature. 
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.3 The Conceptual Model developed 
from the Root Definition for Knowledge 
Elicitation 
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The conceptual model (Figure 3.3), is composed of three systems which together form 
the system described in the root definition. However, for the purpose of this chapter 
only one of the sub-systems, the "system to elicit expert's expertise", is discussed in any 
detail since it is considered by the author to relate most directly to the subject of this 
thesis. Comments relating to the presence of the different named activities are made by 
the author as a result of the analysis of the KE process as defined in the expert 
systerns/KE literature. 
Activity Activity Present in real Comments 
No. name world? 
6 Appreciate No, not really During elicitation emphasis is 
domain placed upon the "expertise" and 
its extraction through the use of 
certain techniques rather than 
upon gaining an understanding 
of the domain of expertise as a 
"whole". This point has been 
argued in Chapter Two, section 
3.1. 
7 Elicit expert's Yes, but Many problems can be seen to 
"expertise" problematic exist within the process of KB 
(eg. imposition of the 
technique's structure; elicitation 
of heuristic knowledge; 
introduction of bias through the 
use of a particular technique, 
the knowledge elicitor's 
assumptions and interpretation 
and the expert's view of his 
expertise), as described in Two, 
section 3. 
8 Identify those Yes, but The problem of selecting a 
who could be problematic suitable expert (or experts) 
considered to is difficult as illustrated 
be expert in Chapter Two, section 3.3 
Table 3.1 con't... 
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9 Define Yes, but Certain types of domain have 
domain of problematic been judged to be most suitable 
expertise to for expert system application. 
be elicited Domains that deal with 
subjective, heuristic, ill- 
structured expertise are usually 
seen as being unsuitable for 
expert system development as 
described in Chapter Two, 
section 3.1. This activity seems 
to depend upon activity No. 10 
in that the efficacy of KE 
techniques and approaches may 
have implications for the type of 
domain considered to be 
suitable for expert system 
application. 
10 Know how to Yes, but Many different KE approaches 
elicit an problematic have been developed but they 
expert's tend to be used in a "trial and 
expertise error" fashion and a particular 
difficulty lies in eliciting 
heuristic knowledge. These 
types of problem are discussed 
in Chapter Two, section 2. This 
activity seems to depend 
directly upon activity No. 11. 
11 Understand No Although numerous researchers 
what have recognised the importance 
"expertise" of expertise for KE there 
can be taken appears to be no common 
to be definition in the literature. 
Many individual "views" of 
expertise can be found and at 
times the "view" seems to be 
"taken as given" and, therefore, 
is not made explicit or perhaps 
not even considered. 
Table 3 .1A description of the 
"System to elicit expert's 'expertise 
4. SUMMARY 
The conceptual model offered here for discussion is at a relatively low level of detail. 
However, an examination of one of its sub-systems is sufficient to (i) explain the 
usefulness of this approach to help structure the "problem situation" of KE described in 
Chapter Two. and (ii) to explore the implications of the problems that KE researchers 
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and practitioners recognise within KE. The comparison of the conceptual model and the 
"real world" as expressed in the literature highlighted one area of fundamental 
importance for the KE process and yet is one which appears to have received little real 
attention in the KE literature. The activity in question is "understand what 'expertise' 
can be taken to be". This activity is singled out as being of particular importance 
because, as shown in the conceptual model, failure to understand what can be taken to 
be "expertise" would seem to have significant implications for the rest of the activities 
named in this sub-system. For example, the view of expertise adopted, as shown in the 
conceptual model, will effect the kind of KE techniques that are developed, the way that 
KE is practiced and possibly the type of domains that are considered suitable for expert 
system application. 
The exercise described in this chapter has not only served to reinforce the recognition of 
the types of problems surrounding KE, as illustrated in Chapter Two, but has also 
offered a means of structuring an investigation into KE so as to learn about the 
significance of the different problem areas. In particular, the rigour and framework-for 
inquiry that the use of SSM offered this re-investigation of KE has highlighted what 
seems to be the fundamental importance of the need to have 'some understanding of 
what is meant by "expertise" when researching or practising KE (activity no. 11). 
In the following chapter the importance of having some understanding of "expertise" is 
explored and its implications for KE discussed. 
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CHAPTER FOUR 
KNOWLEDGE ELICITATION AND MODELS OF "EXPERTISE" 
"Mathematical formalizers wish to treat matters of intuition 
mathematically, and make themselves ridiculous.... The mind... does it 
tacitly, naturally, and without technical rules" 
(Pascal, Pensees, 1670) 
1. INTRODUCTION 
The previous chapter concluded with the assertion that it is of fundamental importance 
for the researcher of KB to have some understanding of the concept of "expertise". This 
understanding was argued to be necessary because of the implications that the adopted 
model of expertise has for (i) the role played by KE in the process of expert system 
development and (ii) the way that KE techniques are developed to support this role. 
It is not the intention in this chapter to offer a comprehensive discussion of expertise per 
se since this would entail an extensive examination of the history of ideas which lies 
outside the scope of this thesis. Instead, in this chapter an attempt is made to identify 
how researchers and practitioners of KE view the concept of "expertise". An analysis of 
both the explicit and implicit models of expertise underlying particular KE approaches 
is offered and what is argued to be the "objective" view of expertise that is represented 
in these models is discussed. The phrase "objective expertise" is used to incorporate the 
description of human expertise as being factual, rule-based, tangible and 'hard'. This 
"objective" view of "expertise" is then contrasted with what many KE researchers and 
practitioners seem to agree to be. the important "subjective" aspects of expertise, 
namely, the recognition that expertise can also be seen to exhibit 'personal', 
'experiential', 'dynamic', 'heuristic', 'tacit', and 'intuitive' qualities. 
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2. MODELS OF "EXPERTISE" FOR KNOWLEDGE ELICITATION 
A discussion of the models of expertise in knowledge engineering has recently, been 
offered by Slatter (1990). He identifies five major classes of model: heuristic models, 
deep models, implicit models, competence models and distributed models, each of 
which, he argues, selectively emphasises different aspects of human expertise. Slatter 
offers a discussion of the types of knowledge represented in each model, the 
characteristics of expertise suggested by the model and the theoretical foundations upon 
which the model is based. His analysis represents a perspective which can be said to be 
that of cognitive science and one which concentrates upon the implications that these 
five different classes of model have as cognitive models. A result of Slatter's approach 
is that he defines and differentiates between the traditional approaches of Artificial 
Intelligence and Cognitive Science to Knowledge Engineering but fails to make any 
comments upon whether or not the models are appropriate for KE and whether the KE 
techniques used by the different researchers and practitioners reflect the models of 
expertise with which they are associated. In contrast, the aim of the discussion in this 
chapter is to examine the models of expertise that are either explicitly stated by the 
researcher or are implied by the use of the various KE techniques and to compare these 
models with the general characteristics of expertise as described throughout the KE 
literature. 
The recognition by many KE researchers that human expertise consists of "much more 
than just facts and rules" (Hart, 1985. p455), has encouraged some researchers to 
consider the nature of "expertise" as a first step towards thinking about KE. As 
described in Chapter Two, leading proponents in this area have been Gammack and 
Young who have suggested that domains of expertise can be categorised into relevant 
"types" of knowledge (Gammack and Young, 1985). This belief led them to develop a 
taxonomy of knowledge which includes concepts, facts, procedures and meta- 
knowledge (Gammack, 1987), all of which can be said to be developed from a 
psychological perspective on expertise. Although Gammack and Young recognise the 
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limitations of such a breakdown of knowledge and are careful to emphasise the 
knowledge classes applied to a particular domain of expertise, their general acceptance 
of knowledge categorisation is representative of the kind of approach adopted by other 
KB researchers (eg. Welbank, 1987b; Olson and Rueter, 1987; Cordingley, 1989). 
More general, less detailed categorisations of "knowledge" have been suggested which 
have generated particular views of expert system development. For example, Collins et 
al. (1985) argue the importance of the distinction between "tacit" and "articulate" 
knowledge using the analogy of chicken soup and dumplings to describe the "lumps" of 
articulate knowledge (dumplings) that exist within the wider tacit context (soup); 
Burton et al. (1987) and also Gammack (1987) have used the categorisation of 
"procedural" and "declarative" knowledge whilst Breuker and Wielinga (1983. p24) 
adopt Clancey's definition of "domain" and "strategic" knowledge. These distinctions 
provide useful and interesting insights into the views. that researchers hold as to the way 
that "knowledge", or "expertise", can be said to manifest itself and go some way to 
explaining the way that these researchers have channelled their investigations. 
However, for the purpose of this chapter a more detailed description of various 
researchers' and practitioners' views of expertise is sought. To this end the following 
section reviews a number of current approaches to KE and expert system development 
in an attempt to identify'their underlying models of expertise. 
The different approaches to KE and expert system development that are reviewed in this 
chapter have been selected for a number of reasons. They include representatives of 
work from large-scale research programmes (eg. Breuker and Wielinga; 
Gaines and 
Shaw), from commercial applications (Greenwell; d'Agapeyeff), from researchers with 
a background in psychology (Burton et al; Gammack and Young; Wright and 
Ayton), as 
well is from within the tradition of computer science, in particular from the process of 
systems analysis (Hart; . 
Keller). The approaches reviewed are also well documented in 
the KE literature and are intended as representatives of the wide range of current 
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approaches to KE (eg. use of interviewing, automated KE tools, repertory grids, 
prototyping, psychological techniques). 
2.1 The KADS Methodology 
Research carried out at the University of Amsterdam (ESPRIT project no. 1098), has 
resulted in the development of the ' knowledge acquisition methodology, KADS 
(Knowledge Acquisition and Documentation Structuring). KADS, the authors claim, is 
based upon principles derived from psychology, Artificial Intelligence and software 
engineering and has been developed in the tradition of cognitive modelling and 
knowledge representation (Breuker and Wielinga, 1987a. p2). Their view of knowledge 
acquisition is one of a process of "interpretation", whereby "verbal data... is interpreted 
onto other representations and structures" (Hayward et at. 1987. p489), and as a 
modelling process (Breuker and Wielinga, 1987b). They suggest, however, that current 
expert system implementation formalisms are unable to support this view and so 
propose a four-layered structure as a model of expertise to`act as a guide and framework 
for domain analysis and KE. 
The four functionally differentiated layers are described as: the domain layer, the 
inference competence layer, the task level layer and the strategic layer. The domain 
layer contains static knowledge specific to the domain such as concepts, relations 
between concepts, and structures built from these relations. The inference competence 
layer describes the inferences that can be made by using the knowledge from the 
domain layer, ' although it is the task-level knowledge of the third layer that specifies 
how these inference making functions are controlled. The strategy layer represents the 
strategic reasoning about the problem solving process and, therefore, controls and 
monitors the way that tasks are executed (ibid. pp4-5). 
An underlying assumption made by those advocating this approach is that "domains 
may contain different concepts, but tasks may share ways of using knowledge at some 
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higher level of abstraction". This assumption has led Breuker and Wielinga to offer a 
tentative classification of "generic" tasks that cover a wide range of domains of 
expertise. The implication of this thinking is that a conceptual model can be abstracted 
from its domain content and be used as a template or "a skeletal model of expertise in 
another domain, but, with a similar task" (ibid. pp5-6). These predefined generic 
categories, or "interpretation models", can then be used as a starting point for domain 
analysis, allowing a process of top-down refinement (Hayward et al. 1987. p495). 
Although KADS appears to be largely a research tool, Hayward et at. claim that their 
work, so far, has "produced a theoretical basis for the modelling of domain expertise in 
an implementation independent way" (ibid. p487). The KADS methodology has been 
extended to include "power tools" that automate various processes of the KADS 
approach to knowledge acquisition such as the protocol editor, a dedicated hypertext 
system and the concept editor which manipulates defined concepts and their 
relationships (Anjewierden, 1987). The complexity of the approach offered in KADS is 
recognised by the researchers involved who, nevertheless, maintain that: 
"experiences... have shown that the use of these models strongly facilitates the 
acquisition of a coherent view of the domain" (Breaker and Wielinga, 1987b. p7). 
Slatter discusses the KADS methodology under his classification of "competence" 
models and his criticism is reported here since it reflects the view of the author. Slatter 
explains that competence models "assume the existence of a knowledge level, or 
competence level, at which intelligent behaviour can validly be described" (Slatter, 
1990. p145 My italics). He recognises the limitation of such models in that they "give 
rise to highly explicit, decompiled descriptions of domain reasoning. However, ... expert 
thinking is often the reverse of explicit or decompiled" (ibid. p147). It is suggested here 
that the KADS methodology is characteristically functionalist in that it appears to be 
based upon what is put forward as an all-embracing, four-layered description of what 
"expertise" is. This model, which represents an attempt to offer a rational view of 
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expertise, is imposed upon the domain of expertise as a template for guiding the process 
of KE. "Expeitise" is then extracted using techniques which are selected on the basis of 
the type of data they are considered to best elicit (Breuker and Wielinga, 1987a. p23). 
Such an approach may be criticised in that it is based upon the author's carefully 
constructed explanation of expertise and data types which means that all KE is 
subjected to these along pre-defined limitations: the approach to KE can be seen to 
impose its own structure upon the KE process and this can be argued to influence the 
information gained. 
2.2 Gaines and Shaw - An Approach to KE using Repertory Grids 
The operationalisation of Kelly's Personal Construct Psychology (PCP) in the form of 
repertory grids has been adopted by.. numerous researchers for the process of KB, as 
described in Chapter Two, (eg. Boose, 1985; Graham and Jones, 1988; Hardiman, ' 1987; 
Shaw and Gaines, 1987a).. In this section the influential work of Gaines and Shaw is 
selected for examination since they have attempted to incorporate repertory grids into a 
comprehensive approach to expert system development. 
Gaines has adopted Hawkins' model of the practice of human expertise (Hawkins, 
1983), which is represented as a cyclic process of negotiation between client and expert 
that takes place around a process of model formation (Gaines, 1987). He suggests that 
this process may be given formal foundations in mathematical modelling theory and 
develops this model of "negotiation" through Klir's analysis of model formation (Klir, 
1985). Gaines recognises that basic modelling theory does not account for the "social 
interaction" that KE entails since it "does not account for the concept of an 'expert' 
except as a particularly well-validated modelling system, leaving open the question as 
to how one system becomes better validated than another" (Gaines, 1987). In order to 
overcome this deficiency he proposes direct inductive inference, the learning of a task 
by doing it. Consequently, he establishes six knowledge types and suggests ways in 
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which these different knowledge ypes can be acquired which he summarises in the 
hierarchy model reproduced below: 
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Gaines concludes: "Thus the pragmatic model of expertise developed by Hawkins can 
be brought into the formal framework of modeling theory by taking society to be a 
distributed modeling system in which experts are those with responsibility for managing 
the inductive process in particular domains" (ibid. ). He accounts for the way in which 
expertise is developed by proposing that it is achieved by means of the "positive 
feedback processes in the management of the various levels of knowledge transmission 
driven by random processes in society" (ibid. ). 
Gaines offers his model of the nature of expertise as a theoretical foundation for 
knowledge acquisition and the development of expert systems. He claims sociological 
evidence for the validity of the model he proposes as well as providing simulation 
studies to illustrate the quantitative phenomena described. However, his complex and 
somewhat confusing model of expertise, which emphasises the role of the expert and 
client as negotiating acceptable problem-solving models, is criticised here in that it 
attempts to impose a rational model of expertise upon the KE process. The model of 
expertise proposed by Gaines is based upon a view of the expert consciously and 
continuously maintaining his stored knowledge about a domain by managing the 
acquisition of new knowledge. The expert is also represented as "trading" knowledge in 
return for the opportunity to learn further. Thus, the view of expertise to be gained from 
this work is of an expressible and manageable commodity, which can be structured and 
elicited for expert systems by.. the application of the model and techniques described 
above. 
Gaines' model of expertise is developed by Shaw and Gaines into a practical KE 
approach through the application of repertory grids. They comment that although PCP 
provides the necessary cognitive foundations for KE and repertory grid techniques 
provide a corresponding "methodology", neither supplies a framework for carrying out 
knowledge engineering. For this purpose they suggest the application of Checkland's 
Soft Systems Methodology (SSM), although they feel this methodology "lacks 
74 
generally applicable techniques for the process of elicitation" (Shaw and Gaines, 1983. 
p102). Their use of SSM involves ideas inherent in elements of the CATWOE 
mnemonic, such as problem-owners, customers and actors. The views of these 
individuals relating to the problem situation are then sought through the use of the 
repertory grid method of construct elicitation and analysis in order to provide a wider 
picture of the problem domain (Shaw and Gaines, 1987a. p119). As a further addition to 
their KE approach Shaw and Gaines have developed a number of computer repertory 
grid programs which they claim improve the KE process by removing the tediousness 
of manual elicitation and analysis (Shaw and Gaines, 1983. ppl04-111; 1987a. p122- 
133; 1987b). 
Whilst attempting to provide a theoretical framework for KE which recognises that the 
practice and acquisition of expertise takes place within a social context, their work 
raises some questions about the epistemological foundations of the ideas they have 
collected together and developed. First and foremost, Shaw describes the importance of 
the development of the repertory grid technique within PCP when she refers to the 
repertory grid as "a hard tool for soft psychologists". However, the difficulty in 
reconciling Kelly's interest- in understanding- an individual's personal view of reality 
with the 'hard' repertory grid approach to gaining this understanding represents a cause 
for concern for the development of a sound theoretical basis for KE. A further area for 
concern is Gaines and Shaw's limited use of SSM and their claim that repertory grids 
can be seen as a means of operationalising SSM (Shaw and Gaines, 1987a. pi 19), and 
their criticism of SSM in that it "leaves the burden of analysis to a person and has no 
operational form as a computer program" (ibid. p121). It appears that whilst 
maintaining that human knowledge is subjective and experiential they advocate the 
elicitation of this knowledge through what are arguably nomothetic approaches, that is, 
approaches that are characterised by objectivity, systematic testing and quantitative 
analysis of data. It is also suggested here that the application of repertory grids as a 
means of extracting an individual's beliefs or constructs about a situation, also imposes 
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a particular view of expertise upon the KE process and upon the expert, eg. that 
expertise can be expressed in terms of bipolar constructs. A further point for concern is 
that the "systems"-based ideas that Gaines and Shaw offer as providing both a sound 
theoretical basis and a practical means of carrying out' KE (eg. K1ir's knowledge 
hierarchy and Checkland's SSM) can be argued to be derived from fundamentally 
different ontological and epistemological standpoints (eg. see Silverman, 1985; 
Jackson, 1982; 1983). 
2.3 Greenwell's Knowled; e"Acquisition Methodologv 
The work of Greenwell (1988), an "independent knowledge engineer and expert system 
consultant", is considered here since it can be found documented in a recently published 
book dedicated to the "methodology" and, therefore, represents a potential influence in 
the KE field. Greenwell's knowledge acquisition "methodology" is based upon his 
analysis of "expertise" which, together with examples of particular occupations which 
are relevant to each category, is illustrated below: 
Deep cognitive Judgemental 
skills skills 
High-level 
social skills 
Highly Musician 
creative 
Analytical Mathematician 
Strict Typist 
procedural 
Senior 
management 
Economist, 
programmer 
Driver 
Author, 
poet 
Social scientist 
Social worker 
Figure 4.2 Greenwell's model of expertise showing mental and behavioural componen 
(Source: Greenwell. 1988. Figure 2.5) 
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The model of expertise offered by Greenwell is based upon a classification of the 
different types of expertise which he suggests are contained within different 
occupational categories. This approach is based upon his belief that "expertise is 
directly related to what is done" (Greenwell, 1988. p15). The classification that he 
offers has a strong psychological foundation with its emphasis on the mental and 
behavioural components of expertise. 
Greenwell proposes his model of expertise as a basis for a "knowledge acquisition 
methodology" which comprises four main stages: 1) ascertain the domain 
characteristics of- expertise in tenors of mental and behavioural dimensions, 2) 
investigate the analytical methods used by -theexpert, 3)' investigate the expert's 
judgemental behaviour with respect to the situation in which behaviour occurs and the 
heuristics which guide it and 4) categorise the residue of the expertise and decide- how 
to implement it (ibid. p23). This approach is operationalised through interviewing, the 
collection and analysis of transcripts and implementation strategies. 
Although Greenwell attempts to relate the knowledge acquisition process to a particular 
definition of expertise, the approach, which relies heavily upon interview techniques, is 
disappointing, resorting to advice such as "practice and master the techniques of 
elicitation and fit these techniques into the general project management structure" (ibid. 
p44). Like many texts on knowledge acquisition, the author- advises what should be 
done but offers little practical guidance on how it can be achieved. The overall result is, 
at best, an approach consisting of a number of individual techniques, derived from the 
fields of systems analysis and cognitive psychology, which are to be used on a 
somewhat "ad hoc" basis. Greenwell's attempt to structure the KE process from a 
particular definition of expertise is recognised but the structuring he proposes resembles 
an adapted computer systems analysis-type approach which receives its validation from 
cognitive psychology and which is essentially data-driven, rather than a purpose-built' 
knowledge acquisition methodology (eg. ibid. pp26-28). 
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2.4 Expenech's Know-How view of Expertise for KE 
The view of "expertise" reflected in d'Agapeyeffs Know-How approach to expert 
system development (1986) is considered here as it is a commercially viable approach 
used by Expertech, a software company producing Xi Plus, an expert system 
development shell. D'Agapeyeff counters the argument that his Know-How approach 
fails to meet the rigours of academic research by explaining that it is "based principally 
on empirical knowledge" and "it works" (d'Agapeyeff, 1988. p147). Although he 
maintains that the Expertech approach has no established theoretical basis, it does have 
a tradition within A. I. research. as pointed out by Slatter, since it is derived from 
Feigenbaum's early model of heuristic knowledge (Slatter, 1990. p135). 
The approach, or "informal methodology", known as "Know-how programming" used 
by Expertech is based upon the belief that "expertise" is made up of domain facts and 
heuristic knowledge. Although d'Agapeyeff recognises that much of an expert's 
knowledge is uncertain, dynamic and incomplete he suggests that there is a form in 
which such knowledge "is held ready for articulation. In common parlance this is called 
Know-How" (d'Agapeyeff, 1988. p148). Know-How, which is defined as being rules- 
of-thumb and good common sense, is seen as being acquired incrementally through 
experience and is stored by the expert in the form of independent rules. These rules can 
then be extracted, or "mined", in "chunks" by using an appropriate KE strategy. 
D'Agapeyeff emphasises that Know-How can only be elicited effectively within the 
context of its use and stresses the importance of the relationship between knowledge 
elicitor and the expert. He maintains that Know-How "is not recalled by effort or will, 
by a simple interrogation or by pecking at a typewriter. Instead it requires deliberate and 
sustained prompting, preferably in context, to elicit enough of the Know-How to 
Support the chosen task" (ibid. p1S1). The KE technique favoured is that of rapid 
prototyping since criticism of a prototype is considered to be an easier task for an expert 
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to undertake than being required to create a knowledge-base directly from his/her own 
knowledge. 
To summarise d'Agapeyeffs view of expertise. it is presented as being composed of 
both factual domain matter and elements of "Know-How" which are characterised as 
being "subtle, prejudiced and usually unrecorded" (ibid. p151). As a commercial 
application, emphasis seems to be upon a quick solution with little concern for domain 
analysis, a result of which is the use of rapid prototyping for KE. An analysis of this 
approach suggests that the view of expertise adopted conveniently "fits" the rule-based 
technology of Xi Plus and much of expert systems development in general. This 
approach serves as a useful example of the way in which technology and the 
commercial aspects of expert systems development often seems to be imposed upon the 
process of KE. 
2.5 U-, e of Psychological Techniques 
The work of the research team investigating KE at the University of Nottingham is 
mentioned here because although it is largely experimental and research-oriented it 
represents a certain view of expertise that can be found elsewhere in the KE literature. 
The work of this team has investigated the approach to KE adopted by researchers such 
as Gammack and Young and Welbank, namely, that different types of knowledge can 
best be elicited using different IM techniques. Although the results of their laboratory 
experiments have led them to maintain that "there is no clear dissociation between the 
knowledge which each of the techniques taps" (Burton et al. 1987. pl1), they seem to 
have taken for granted the classificatory view of expertise. A further clue as to the 
epistemology they adopt can perhaps be gained from the results of their experiments, 
which are presented in the form of statistical analyses of the performance of the 
different kinds of KE techniques used based upon the parameters of elicitation time, 
translation time, total time. total clauses. and completeness. The limitations of this 
approach are recognised to some degree by the suggestion they have made concerning 
79 
the possible implications of different kinds of expert with whom the KE techniques are 
used. They have proposed the use of psychometric tests to help define the experts' 
personality and so investigate the way that "personality" may affect the performance of 
different KE techniques (ibid. pp6-7). 
The approach to KE adopted by Burton et al. is rooted in cognitive psychology and 
adopts a classificatory approach to expertise. Their particular approach to researching 
KE seems to be led by their acceptance of the notion that controlled laboratory-type 
experiments involving human actors can provide objective quantifications concerning 
the nature of expertise and the performance of KE techniques. This approach to 
expertise and KE can also be recognised in the work of other KE researchers who have 
a background in psychology or Artificial Intelligence (eg. Wright and Ayton, 1987; 
Garnmack, 1987). The approach to %E represented by Burton et al. is offered here as an 
example of the way in which a strong pre-defined model of expertise (based upon the 
underlying tenets of cognitive psychology) has influenced and "directed research into 
KE. 
2.6 KE and "Tra itional" Computer Systems Analysis 
The view that prevails in some circles of Information Technology that "we've been 
doing KE for years but we call it 'systems analysis'" (eg. Keller, 1987. p22), has 
encouraged some KE researchers to compare the process and techniques of computer 
systems analysis with those of knowledge engineering. A result of this comparison has 
been the development of approaches to expert system development and KE that reflect a 
view of expertise that appears to stem from the "traditional" datalogical approach to 
information systems design (Merhlie. 1979). 
Keller recognises that the nature of the expertise of the domain affects the type of expert 
system that can be successfully developed and4 consequently. he advises that one should 
select a domain in which the decision or planning task is restricted to a narrow area. 
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is relatively well-defined, and the data on which it is based are relatively complete, 
reliable, unambiguous, and stable" (Keller, 1987. p29. Kellers italics). It is from this 
rather uninformative basis of a "suitable" type of application that Keller develops his 
methodology for Artificial Intelligence (Al. ) system development (including expert 
systems). The "methodology" he advocates is based upon the traditional structured 
systems life cycle of computer systems analysis although he maintains there are some 
major differences between this and an Al. project life cycle. These differences manifest 
themselves in the way that the different stages of the life cycle are conducted, the 
people and processes involved in undertaking the A. I. components, and the content of 
the specification (ibid. p8). Keller maintains that it is virtually impossible to separate 
knowledge acquisition from the rest of the structured analysis activity since "knowledge 
acquisition is in fact a part of analysis, the part which is the domain essence of the 
current functional and new functional system descriptions" (ibid. p21). Thus, KE 
becomes what Keller refers to as "the interactive part of structured analysis in which 
analyst and user work together to build the logical, business-oriented structure of the 
DFDs and their mini-specs" (ibid. ). For Keller, then, expert system development and 
KE can be undertaken using a modified "traditional" computer systems analysis 
methodology. 
From his writing Kellers implicit model of "expertise" can be argued to be technology- 
driven, that is, he imposes a structure upon human knowledge to "fit" the expert system 
knowledge-base requirements. He maintains: In any knowledge-based system there 
may be three levels of knowledge: decision knowledge, support knowledge, and meta- 
knowledge". He continues to explain that this distinction is seldom clear-cut in the real 
world but makes no other comment concerning the appropriateness of this model. He 
describes decision knowledge as "rules that are used more or less explicitly by the 
expert in reaching a decision" (to be incorporated in the knowledge-base as production 
rules), and "support knowledge" as "deeper level" knowledge that explains the reasons 
for a decision (to fulfil the expert system explanation facility). He describes meta- 
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knowledge as being the "rules about rrules" which are used by the expert ' system 
inference engine (ibid. pp152.153). 
A further example of the systems analysis-type approach to KE is that of Hart who 
maintains that there are "distinct analogies between systems analysis and knowledge 
elicitation" (Hart, 1986. p29). She compares the structured systems life cycle of 
computer systems analysis with the expert systems development process but concludes 
that systems analysis is a much simpler activity than KE. The main point on which she 
bases this assumption is that in systems analysis it is "fairly clear what information is 
required", leaving the analyst to ask "why, how, how many, how often, when, size, 
growth, etc. ". She maintains that the case is not so simple with KE since an expert's 
knowledge is more than just facts and rules in that he may make judgements based upon 
such an irrational thing as intuition. She concludes that the knowledge elicitors task is 
less well-defined than that of the systems analyst and the fact that the focus of attention 
is upon "knowledge" rather than "procedures" makes KE much more complex and 
difficult than systems analysis (ibid. 1986. pp35-37). 
Although Hart recognises that the process of knowledge acquisition includes a new set 
of difficulties, her resulting approach to KE (based upon interviewing, prototyping and 
the use of machine induction) and expert systems development in general appears to be 
very much one of a computer systems analysis approach with slight adaptations so as to 
fit the KE process. Whilst being unable to agree with Hart's definition of the demands of 
computer systems analysis this example of her comparison of computer systems 
analysis with KE may illustrate and go some way to explain the historical tradition of 
what is argued here to be the technology-driven approach to KE and, consequently, the 
rule-based models of "expertise" that are implied by these approaches. 
82 
3 
-ME 
NATURE OF EXPERTISE PORTRAYED IN APPROACHES TO EXPERT 
SYSTEMS D VELOPNIENT AND KNOWLEDGE ELICITATION 
The review of current approaches to KE outlined above has attempted to illustrate the 
"objective" character of the underlying assumptions about expertise made by those 
advocating the different approaches. Table 4.1 offers a summary of this review. 
KE Foundation Model KE technique Comments 
Approach for model used 
of expertise 
KADS Psychology; 4-layered Automated Approach 
Aiti vial . model of KE techniques developed Intelligence; domain from the 
Software assumption 
Engineering that a compet- 
ence layer of 
expertise 
exists 
Gaines Hawkins' Expertise as Automated Expertise 
and Shaw analysis of process of repertory viewed as 
expert expert/client grid programs being 
thinking-, negotiation consciously 
"Hard sstems" and model "managed" by 
formation expert; use of 
repertory grids 
also suggests 
model of 
expertise 
Greenwell Cognitive Categorisation "Find your own Developed 
Science of expertise (favourite) from the view 
into 9 occup- techniques" that expertise 
ational "types" is related to 
of expertise what is done 
based on hence concent- 
meand ration on 
behavioural "occupational" 
aspects of expertise 
expertise 
d'Agapeyeff Artificial Heuristic Rapid Technology- 
Intelligence model of prototyping driven 
expertise approach 
Table 4.1 cont... 
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Hart/Keller "Traditional" 
computer 
systems 
analysis 
Datalogical 
view of 
expert system 
design and KE 
Tools for 
systems analysis, 
eg. DFDs inter- 
viewing , 
prototyping 
Technology 
and data-- 
driven 
approach 
Burton Psychology Categorisation Psychological Use of 
et al. of expertise techniques laboratory 
into different experiments 
"types" of "test" effect- 
"knowledge" iveness of 
techniques 
with different 
knowledge 
"types" 
assumption that 
knowledge can 
be categorised. 
Table 4.1 Summary of review of models of expertise for knowledge elicitation 
1 Recognition of the Subjective Elements of Human Expertise 
A common theme implied by the models of expertise identified above is that 
"expertise", or expert "knowledge", is definable, rational, tangible, and can be elicited 
from a human expert through the application of suitable KE techniques. However, this 
view. of expertise is frequently contradicted by the authors of the approaches discussed 
above and by the KE literature in general. For example, LaFrance emphasises the 
complex nature of expertise and maintains that those who "assume that the problem of 
knowledge acquisition is essentially quantitative are likely to by-pass important know- 
how" (LaFrance, 1987. p247); d'Agapeyeff (1988. p150) refers to human expertise as 
being "subtle", "contradictory", "dynamic" and "prejudiced as a result of practical 
experience"; Feigenbaum (1984. p47) has described human expertise as being largely 
"judgemental, experiential, uncertain - generally private to an expert"; Collins et al. 
(1985) describe expertise as having an important contextual component, as does Cohn 
(1985) when referring to "deep" knowledge. Graham and Jones (1988. p23) suggest that 
knowledge can never be seen as being "absolute", only "relative", which suggests the 
need to consider. the value placed upon knowledge within the context it is used. Evans 
(1988. p120) and Cleaves (1987) discuss the type of "judgemental" and "cognitive 
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biases" that an expert can be expected to incorporate in decision-making, whilst many 
researchers refer to the way that human expertise is largely dependent upon "heuristics", 
or rules-of-thumb, and "hunches" which originate from the expert's own experience of 
practising his expertise (eg. Basden, 1983. p463; Beerel 1987. p118; Burton and 
Shadbolt, 1987. p3; Cross, 1988. p74). The frequent reference in the KE literature to an 
expert's "tacit" knowledge (eg. Bell and Hardiman, 1989. p53; Collins et al. 1985; 
Johnson, 1983. pp79-80), which is characteristically difficult to articulate, may be 
suggestive of a largely unconscious learning process through which the human expert 
develops his/her expertise. The idea of an expert developing his expertise through the 
application of his knowledge (Gaines, 1987; Beerel, 1987. p118) as well as the idea of 
knowledge elicitation as a "learning process" for both expert and knowledge engineer 
(Cordingley, 1989: p105), illustrate the dynamic element of human expertise. 
Welbank's description of human expertise as being "fragile and transient" (Welbank, 
1983. p2), is emphasised by Cross (1988. p76), who also stresses the subtlety and 
complexity of human expertise in the way that it is conveyed by means other than 
verbal articulation: it is also expressed and contained within "gestures, body language, 
and premonitions, that are so subtle they are too difficult to understand" (ibid. p77). 
Johnson, although not giving a description of the nature of human expertise, concludes 
that it resists "formal specification" (Johnson, 1989. p180). Clare identifies a particular 
kind of expert, which he terms the "Samurai", as being a common type of expert to find 
in organisations where social skills or other performance activities are required. He 
suggests that this type of expert's knowledge is the most difficult to elicit and structure 
"since its basis is internal to the individual" (Clare, 1989. p244). 
Practical advice given by various authors as to how to go about KE can also help to 
reveal researchers' and practitioners' views about the nature of human expertise. For 
example, Cordingley (1989. p105) summarises such guide-lines and suggests how when 
conducting KE one should be careful to watch out for the expert's "body language" as 
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this may give further clues as to the way in which* the expert feels about his/her 
knowledge, as will the way in which the expert uses and partitions knowledge. Such 
guide-lines suggest that an expert's expertise is of a very personal nature in that it rests 
upon his/her interpretation of facts, experience, conjectures, etc. This picture is 
supported by frequent advice to be found in the KE literature concerning the importance 
of establishing a rapport between expert and knowledge elicitor which suggests that the 
quality of expertise extracted also depends upon the comfort and willingness of the 
expert to cooperate. 
The evidence suggests, therefore, that many KB researchers and practitioners implicitly 
recognise the subjective elements of human expertise. However, it is argued here that a 
paradox exists between what appears to be the objectivity of the underlying models of 
expertise that current KE techniques represent and the acknowledgement of the 
subjective nature of. expertise by researchers advocating these techniques. This situation 
is reminiscent of the one described by Winograd and Flores (1986) in regard to the 
"rationalistic" tradition of science (which the author will. argue below has been in part, 
at least, responsible for the dominance of an objective view of expertise in the field of 
KE). They discuss the effect of the "rationalistic orientation" on researchers in computer 
science and psychology and suggest that: 
"In moments of careful reflection they [researchers] acknowledge the 
importance of phenomena that are not subject to the rationalistic style of 
analysis, but in their day-to-day work they proceed as though everything 
were. In generating theories and in building programs, they operate in a 
style that is fully consistent with the naive tradition and avoid areas in 
which it breaks down" (Winograd and Flores, 1986. ppl6-17). 
2 Possible Reasons for and Consequences of adopting an 'Objective' view of Expertise 
It is suggested here, then, that one of the reasons why expertise has been viewed 
objectively by KE researchers is that this approach is an historical development of the 
field of A. I. (see Winograd and Flores, 1986. ppl4-16 for further discussion on this 
point). The view of objective expertise is consistent with the epistemological and 
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ontological stance of those disciplines from which researchers in KE have been trained 
(ie. A. I., computer science, cognitive psychology). The technological demands an d 
constraints of expert system development may also have played a part in encouraging 
and supporting the adoption of an objective view of expertise (eg. a possible example 
being the Know-How approach described by d'Agapeyeff). 
In some of the cases discussed above (eg. Breuker and Wielinga; Gaines and Shaw; 
Greenwell), the researchers have explicitly stated the underlying model of expertise and 
developed KE approaches that reflect these models. In other cases (eg. Keller; Hart; 
Burton et al. ), the researchers' own background seems to have directed their approach to 
KE and the development of KE techniques. In such cases reviewed above the author has 
. suggested that the practical approaches to KE advocated by these researchers implicitly 
reflect an objective view of expertise. A result of this situation is that human expertise 
from different domains has been "made to fit" the different KE approaches adopted with 
varying degrees of success. 
It is argued here that the acceptance of objective models of expertise, as described in 
section 2 above, results in current KE techniques being relatively successful when used 
to address domains of expertise that can be characterised as being well-structured and 
clearly-defined (see Chapter Two, pp32-34) and which utilise expertise which is easily 
converted into facts and rules (eg. from the realms of science, engineering and domains 
comprising man-made rules (Basden, 1983. p471) and regulation clarification 
applications (d'Agapeyeff, 1988)). However, outside these limited areas of application 
current approaches to expert system development and KE seem to have been either 
unsuccessful or are considered to be inappropriate. It is suggested here that if we are to 
capitalise upon the potential offered by expert system technology we should seek to 
improve our methods of KE as a step towards widening the range of suitable expert 
system application areas. This is a point which has been touched upon by Davies 
(1989), and will be returned to in Chapter Five. 
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Aspects of expertise which appear to be unaddressed by current KE techniques are 
those more subjective areas, namely, those elements of human expertise that cannot be 
easily verbalised but seem to be the result of phenomena such as personal experience, 
judgement, hunches, intuition and prejudice. An example to illustrate the importance of 
recognising both the factual and the more subjective, heuristic aspects of human 
expertise is provided here by means of an anecdote related by Sir Geoffrey Vickers 
which he used to emphasise the dangers of doctors becoming too "technologically 
minded": 
"One Friday afternoon I went to my doctor and said, 'For some days I 
have had a"small, sensitive swelling under my right eyebrow. A similar 
swelling appeared this morning in my neck. I feel perfectly well and 
trouble you only because I am due to fly to Philadelphia tomorrow for a 
'week's hard work and this small symptom is new to me. ' My doctor 
replied, 'I would not go to Philadelphia tomorrow if I were you. You will, 
have shingles by Monday. You will not be fit for work next week. You 
will embarrass and possibly infect your hosts. And by the end of it you - 
will be in such a visible mess that no airline will want to fly you home. ' 
His medication, using discoveries made within a decade, shortened the 
length of my illness and eased its passage, and this was welcome, but 
nothing like so welcome or so important as his diagnosis, his prognosis, 
and his advice. You will notice that my doctor's competence as an 
advisor depended on something more than his diagnostic skill .... 
His 
value to me consisted in his ability to link his biological understanding to 
the situation which I was tying to order and thus to become also an 
effective advisor. " (Vickers, 1987. pp150-151). 
This anecdote highlights the potential deficiencies of expert systems based solely upon 
factual, diagnostic knowledge since such an expert system would be expected to 
diagnose the illness and recommend treatment. However, the story also illustrates the 
vital importance of the wider significance of "expertise" that is difficult to verbalise 
without using such terms as "subjective", "experiential", "tacit" and "dynamic". For 
example, it is the doctors experience of shingles together with his personal 
understanding of the context in which his patient will find himself that enables him not 
only. to make a successful diagnosis but to offer "expert advice" particular to the patient 
which, in the example above, is so important a part of the expert/client relationship. 
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It is not suggested at this point that it is possible, or even desirable, to incorporate such 
contextual detail as is necessary for the doctor in the example to give his advice in an 
expert system. The example is given as a means of emphasising the potential result of 
failing to recognise and take into account the importance of subjective elements of 
expertise which, from the example, can be seen as contributing to the expert's reputation 
of being "expert". 
4. SUMMARY 
In this chapter a number of. current approaches to KE and expert system development 
have been reviewed in an attempt to identify the models of expertise that underlie these 
approaches. It has been argued that these models are essentially "objective" in that their 
view of expertise is that it can be defined, quantified, and extracted using appropriate 
KE techniques. However, the KE literature also generally recognises expertise to be 
characteristically uncertain, heuristic, dynamic, subjective, experiential and subtle. The 
implications of the discrepancy between these two views has been discussed in terms of 
the type of expert systems that have been developed. 
The following chapter presents an intellectual framework for an analysis of the 
"objective" versus "subjective" nature of expertise that has been discussed in this 
chapter. 
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CHAPTER FIVE 
EXPERTISE AND SUBJECTIVITY 
"You want to know how to paint a perfect painting? It's easy. Make 
yourself perfect and then just paint naturally. That's the way all experts 
do it. " 
(R. M. Pirsig, Zen and the Art of Motorcycle Maintenance, 1974) 
1. INTRODUCTION 
The previous chapter illustrated how `many approaches to KE and expert system 
development in general are based upon what is argued to be an "objective" view of the 
concept of human expertise. It was also shown that the KB literature reveals how' 
researchers and practitioners of KE recognise the "subjective" aspects of KE. The 
chapter concluded by suggesting that the constraints of expert system technology has 
helped to encourage this objective approach to expert system design which has been 
reflected in the development of different approaches to KE. The argument was put 
forward that this situation has led to the most successful expert systems having been' 
developed in domains of expertise which are characterised by technical, scientific, or 
what has been termed "systematic" knowledge (Winograd and Flores, ' 1986. p74; 
Johnson and Johnson, 1987b. p156) since current KE techniques can best address this 
type of knowledge. Expertise that is more heavily dependent upon ill-defined, poorly- 
structured, experiential and heuristic knowledge has frequently been considered to be 
inappropriate for the application of expert system technology. However, it is this latter 
type of domain expertise that has been suggested in the literature to be an area in which 
expert systems could most beneficially fulfil their potential. 
This chapter continues the investigation into the objective/subjective paradox outlined 
in the previous chapter. Burrell and Morgans proposed framework for organisational 
analysis (1979) is adopted as a means of structuring the debate concerning the 
objective/subjective views of expertise and their significance for the process of KE. As 
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a result of the discussion offered in this chapter, a possible alternative foundation for a 
"subjective" approach to KE is suggested. 
2. BURRELL AND MORGAN'S SOCIOLOGICAL PARADIGMS 
In an attempt to provide a framework for the analysis of social theory, Burrell and 
Morgan offer what they describe as "four key paradigms based upon different sets of 
metatheoretical assumptions about the nature of social science and the nature of 
society" (Burrell and Morgan, 1979. pviü). Their analytical framework is based upon 
two sets of opposing perspectives, namely radical change/regulation and 
objectivity/subjectivity, which, the authors claim, are developed from an analysis of 
rival intellectual traditions. The radical change distinction stems from the work of those 
commentators attempting to explain the essence of man's behaviour that seeks to 
overthrow or transcend the limitations of existing social structures. By comparison, the 
regulative distinction is developed out of the work of those authors who are concerned 
with understanding the unity and conformity which appears to underlie human affairs. It 
is not the intention here to repeat all of Burrell and Morgan's arguments in detail but to 
focus upon the objective-subjective dimension of their framework since it offers a 
useful means of discussing the implications of the arguments presented in the-previous 
chapter. 
2 .1 Assumptions About the Nature of Social 
Science 
Burrell and Morgan conceptualise social science in terms of four sets of assumptions 
relating to ontology, epistemology, human nature and methodology, since they argue, 
"all social scientists approach their subject via explicit or implicit assumptions about the 
nature of the social world and the way in which it may be investigated" (ibid. p1). Their 
scheme for analysing assumptions about the nature of social science is illustrated in 
Figure 5.1. 
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The subjective-objective dimension 
The subjectivist 
approach to 
social science 
Nominalism <---------- ontology ----------> 
Anti-positivism <---------- epistemology ----------> 
Voluntarism <---------- human nature ----------> 
Ideographic <---------- methodology ---------> 
The objectivist 
-'approach to 
social science 
Realism 
Positivism 
Determinism 
Nomothetic 
Figure 5.1 A scheme for analysing assumptions about the nature of social science 
(Source: Burrell and Morgan. 1979. Figure 1.1) 
Assumptions of an ontological nature concern what Burrell and Morgan call the "very 
essence" of the phenomena under investigation since the investigator must decide 
whether he is external to "reality" or whether "reality" is the product of his 
consciousness. A question rising from this debate, which is relevant to the process of 
inquiry, is whether the inquirer can objectively view the phenomena under 
investigation, or whether he himself is part of the phenomena? These two positions 
represent what Burrell and Morgan refer to as the Realism-Nominalism debate. 
The epistemological assumptions referred to in Figure 5.1 are closely associated with 
the ontological debate in that they are concerned, with the way in which the inquirer 
understands the world and communicates this understanding to others. Burrell and 
Morgan describe how these assumptions are based upon the view of the nature of 
knowledge itself: one should decide 
"whether... it is possible to identify and communicate'' the nature of 
knowledge as being hard, real and capable of being transmitted in 
tangible form, or whether 'knowledge' is of a softer, more subjective, 
spiritual or even transcendental kind, based on experience and insight of 
a unique and essentially personal. natu. re" (ibid. pp1-2). 
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This dichotomy is of particular relevance to the problem of KE since it deals directly 
with the interpretation that one has of "knowledge" and "expertise" and seems to 
encapsulate the notions of "objective" and "subjective" expertise that were presented in 
the previous chapter. 
The third set of assumptions that Burrell and Morgan suggest need to be addressed are 
those- concerning human nature which deal with the question of whether humans 
respond to their external world or whether man is viewed as the creator of his 
environment. These assumptions are described respectively as representing- the 
"deterministic" and "voluntaristic" views of human nature. - 
These three sets of assumptions are closely related and have implications of a 
methodological nature since the inquirer's choice between these different stances have a 
direct influence upon the way in which the process of inquiry is conducted. If, one's 
assumptions about social science are of the Realist, Positivist and Deterministic nature 
then a corresponding methodological approach which reflects these assumptions can be 
described as nornothetic in character. Nomothetic approaches are developed upon the 
belief that inquiry should be based upon systematic protocol which results in the need 
for scientific testing and the use of quantitative and technological techniques for the 
analysis of data, such as questionnaires, surveys, personality tests and standard research 
instruments. Burrell and Morgan describe this stance as being "epitomised in the 
approach and methods employed in the natural sciences" (ibid. p6). Alternatively, a 
Nominalist, Anti-positivist and Voluntaristic view of social reality may be 
operationalised through an ideographic approach to inquiry. Such an approach stresses 
that the only way to understand the social world is to gain first-hand experience of the 
subject being investigated and, consequently, results in methods that encourage the 
analysis of "subjective" accounts of the situation being examined. 
93 
2.2 Four Paradigms for Inquiry 
From the two dimensions, objective/subjective and regulation/radical change, Burrell 
and Morgan identify four paradigms: Radical structuralist (radical change/objective), 
Functionalist (regulation/objective), Interpretive (regulation/subjective) and Radical 
Humanist (radical change/subjective). They emphasise the purpose of defining these 
paradigms as a means of offering a framework within which to investigate the 
characteristics of social theory and not as a model of what is. They use the word 
"paradigm" as "a term which is intended to emphasise the commonality of perspectives 
which binds the work of a group of theorists together in such a way that they can be 
usefully regarded as approaching social theory within the bounds of the same 
problematic" (ibid. p23). They suggest that although the four paradigms are based upon 
mutually exclusive views of the world this does not prevent a wide range of ideas from 
existing. from within any one paradigm. Burrell and Morgan's diagrammatic 
representation of the four paradigms and the "schools" of social theory that they assign 
to these paradigms is reproduced in Figure 5.2. 
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A detailed discussion of all four paradigms falls outside the scope of this chapter but a 
description of the relevant themes of sociological theory can be found in Martindale 
(1967), Giddens (1976), Burrell and Morgan (1979), and Silverman (1981). 
The argument put forward in the previous chapter that the main thrust of KE and expert 
system design is underpined by a positivist, or "objective", view of human expertise 
suggests that many current approaches to KE and expert system design exhibit the 
characteristics that Burrell and Morgan assign to the Functionalist paradigm. As a result 
of this contention the following section focuses upon the Functionalist paradigm and the 
tradition of inquiry which Burrell and Morgan suggest has stemmed from this particular 
view of social reality as a means of trying to understand the popular "objective" view of 
expertise described in Chapter Four. 
2.3 Characteristics of the "Functionalist" Paradivm 
The Functionalist paradigm is characterised by a regulative and objectivist point of view 
of the social world which, Burrell'and Morgan explain, "has provided the dominant 
framework for the conduct of academic sociology and the study of organisations" (ibid. 
p25). It can also be seen as the paradigm from which the approach to inquiry in the 
natural sciences has stemmed and can be considered as "home" of ' the "scientific 
method" of research. Burrell and Morgan discuss how the ideas of Comte, Spencer, 
Pareto, Durkheim, and Weber have been fused and incorporated within the paradigm, 
resulting in what they define as four major "schools" of functionalist thought, namely, 
Interactionism and Social Action theory, Integrative theory, Social systems theory and 
Objectivism. They explain, however, that the difference between these "schools" öf 
thought "is one of degree rather than of fundamental perspective" (ibid. p108). 
The social theories assigned to this paradigm can be characterised by the aim to provide 
rational explanations of the subject of inquiry: the social world is seen as being 
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composed of "relatively concrete empirical artefacts and relationships which can be 
identified, studied and measured through approaches derived from the natural sciences" 
(ibid. p26). This view has resulted in many functionalist theories using approaches to 
model the social world that are based upon mechanical and biological analogies (eg. 
General Systems Theory, Bureaucratic models of decision making, Cybernetics). The 
"functionalist" view accepts that there is a continuing order and pattern to the social 
world (ibid. p107), and, therefore, seeks to explain the way in which human affairs are 
regulated. Burrell and Morgan summarise what they perceive as a major characteristic 
of work they locate within the functionalist paradigm as being an approach which is 
based upon: 
"a conception which assumes there are general external and universal 
standards of science which can serve as a basis for determining what 
constitutes an adequate explanation of what is observed. It is a 
conception which, above all else, assumes that there are external rules 
and regulations governing the external world" (ibid. p 107). 
It is this view of social reality which seems to be echoed in the models of expertise as 
analysed and presented in Chapter Four since it was noted that these models of expertise 
seemed to represent a view of human expertise that is rational, can be defined and 
explained, modelled and replicated. It is argued here that this view can be seen as a 
result of the traditional "scientific" approach to inquiry both in the natural and social 
sciences and which has commonly been adopted in the fields of Information 
Technology and computing in general (see Winograd and Flores, 1986, for a discussion 
on this subject). 
In Chapter One of this thesis the development of Artificial Intelligence (A. I. ) from 
Computer Science was discussed and the contributions of Psychology and Cognitive 
Science highlighted. The "scientific" approach adopted and encouraged in these areas 
has been largely 'passed on' and has shaped the way in which research into expert 
systems and KE has been conducted. It is not surprising, therefore, to find that the 
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models of expertise upon which, KE techniques seem to have been developed have 
originated from ideas in the realms of Psychology (eg. Gammack and Young, 1985; 
Burton et al., 1987; Breuker and Wielinga, 1987a), Cognitive Science (eg. Greenwell, 
1988), A. I. (eg. Breuker and Wielinga, 1987a; d'Agapeyeff, 1988) and Computer 
Science (eg. Hart, 1986; Breuker and Wielinga, 1987a; Keller, 1988). 
However, what can be seen as the "functionalist" tradition of scientific inquiry in the 
social sciences has not gone without criticism and it is to this criticism that the 
following section turns. 
3. CRITICISMS OF THE FUNCTIONALIST APPROACH TO SOCIAL SCIENCE 
Giddens offers a criticism of "functionalism" in terms of sociological method which 
covers three main points. The first point he makes is that functionalist approaches to 
inquiry can be seen as reducing the human agency to the "internalization of values". 
The second point is that is that functionalist approaches "fail to treat social life as 
actively constituted through the doings of its members" and thirdly, that such 
approaches fail to recognise the central importance of the "negotiated character of 
norms, as open to divergent and confliciing interests in society" (Giddens, 1976. p21). 
He summarises these points by suggesting that, for him, the implications of these above 
failures "are so damaging,... that they undermine any attempt to remedy and rescue 
functionalism by reconciling it with other perspectives of a different sort" (Giddens, 
1976. p21). 
Giddens' three main criticisms of functionalism are relevant to the argument here in that 
they highlight the assumptions of a functionalist approach and its apparent 
incompatibility with some of the problems faced by the social scientist. The nature of 
these problems is explained by Checkland who characterises social science as being 
concerned with the "special self-conscious, self-motivating character of human beings" 
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(Checkland, 1989. p38) and illustrates a fundamental difference between natural and 
social science by means of the following example: 
"How different studying the chemistry of the reaction of nitrogen and 
hydrogen to yield ammonia would be if the molecules of nitrogen and 
hydrogen could decide capriciously whether or not to combine, doing so 
today but deciding not to next Thursday! But that is the situation the 
would-be social scientist is in" (ibid. ). 
The problem situation expressed in Chapter Two and the arguments put forward in 
Chapter Four of this thesis should be sufficient to explain the reason why the author is 
treating the problems of expert system design and KB as problems relevant to social 
science as opposed to a purely technological view of expert system development. The 
problem of the human/machine interaction is one which has recently received 
considerable attention although this has tended to be restricted to the area of 
human/machine interfaces rather than as a comprehensive computer systems design 
strategy (eg. ESPRIT, 1988. p7). 
However, there are researchers in the field of Information Technology who have 
recognised the importance of the implications of the 'human aspects' of computing. This 
recognition has encouraged them to criticise research and development which in their 
opinion has been focused upon "inappropriate" approaches to inquiry. Five such views 
are illustrated in the following section together, where appropriate, with a discussion of 
the alternative approach that the authors advocate. 
3.1 Winograd and Flores 
Numerous researchers have questioned the appropriateness of what is referred to here as 
a "functionalist" approach to computer system design (eg. Boland, 1985; Klein and 
Hirscheirn, 1987; Davies, 1989; Stowell, 1989; Gill, S. K. 1990). However, the work of 
Winograd and Flores is reviewed here since it offers a full criticism of what they call 
the "tradition of rationalism and logical empiricism" which has been "the mainspring of 
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Western Science and technology" as the basis from which to design cömputer systems 
(Winograd and Flores, 1986. p14). Their description of the rationalist tradition (ibid. 
p15-17) is easily equated with the characteristics that Burrell and Morgan assign to the 
functionalist paradigm. 
Winograd and Flores explain that: 
"The rationalistic orientation not only underlies both pure and applied 
science but is also regarded, perhaps because of the prestige and success 
that modem science enjoys, as the very paradigm of what it means to 
think and be intelligent" (ibid. p16). 
Although both Winograd and Flores received formal training in the rationalistic 
tradition they describe how many of their "guiding intuitions about language and 
thought" were not compatible with the traditions of this formal training (ibid. pxii). 
Consequently, they attempt to show the "non-obviousness of the rationalistic orientation 
and to reveal the blindness that it generates" (ibid. p17). 
The approach they advocate as a "new" orientation and theoretical foundation for the 
design ' of computer systems is one which emphasises the understanding and 
interpretation of language and thought as a precursor to the understanding of technology 
(ibid. p27). Consequently, they have recognised the foundations of their intuitions in the 
areas of biology, hermeneutics and phenomenology and suggest that the ideas of 
thinkers such as Heidegger, Gadamer, Maturana, and Austin provide a "framework" 
within which to integrate their own practical experience (ibid. pxii). Recognising that 
scientists and technologists may find it difficult to accept what they call "philosophical 
considerations" as being at all relevant to science and technology, they explain that in 
their experience "theories about the nature of human action have a profound influence 
on The shape of what we build and how we use it" (ibid. pxii). A key element of 
Winograd and Flores' work is their suggestion that although one must have a 
': functional' understanding of how technology is used this understanding "must 
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incorporate a holistic view of the network of technologies and activities into which it 
fits, rather than treating the technological devices in isolation" (ibid. p6). 
Although Winograd and Flores' work represents an interesting and powerful argument 
for a 'shift' in direction in the approach to computer systems design, their work stops 
short at providing sound practical guide-lines about the operationalisation of their ideas. 
3.2 Dreyfus 
Winograd and Flores suggest that the difficulty those "trained in science" have in 
accepting any alternative view of science and technology explains why critics such as 
Dreyfus have met with such strong disapproval from the A. I. community. They explain 
that an important reason for this dismissive attitude is because Dreyfus has challenged 
what they call "this deep-seated pre-understanding" which they. have learnt from their 
formal scientific training (ibid. p16). 
The underlying reason for the Dreyfus's move away from conventional A. I. practice is 
their belief in the complex subjective nature of human decision-making. They explain 
their position: 
"Hunches and intuition, and even systematic illusions, are, the very core 
of expert decision-making, so whether one seeks to use a digital 
computer to model the heuristic rules behind actual problem-solving, as 
Newell and Simon did, or whether one tries, like Stuart and Richard 
Bellman, to find optimal algorithms, the result fails to capture the insight 
and ability of the expert decision-maker" (Dreyfus and Dreyfus, 1986. 
p10). 
As a result of, their understanding of decision-making, Dreyfus and Dreyfus have 
advocated that A. I. research should move away from the concept of the brain as a 
symbol manipulator to the idea of the mind/brain as a "holistic system" which is capable 
of recognising patterns without breaking each image down and testing it against pre- 
defined rules for recognition (ibid. pp58-63). They discuss the operation and 
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characteristics of holograms as an example of an holistic pattem-recognising system 
and suggest that the mind/brain might be considered in similar terms. However, they 
emphasise the lack of current understanding about the human brain: 
"While holography provides an instructive example of the possibility of 
recognition without using the sort of features and rules demanded by the 
digital computer used as a logic machine, its limited capabilities 
highlight how little we know about the workings of the brain" (ibid. 
p61). 
The way in which Dreyfus' ideas (which can be described as having a 
phenomenological foundation (Dreyfus, 1972. p147ff)), have been received by the A. I. 
community can be seen in the following comment made by Feigenbaum whilst being 
interviewed by McCorduck: 
"But Dreyfus bludgeons us over the head with stuff he's misunderstood 
and is obsolete anyway - and every time you confront him with one more 
intelligent program, he says, 'I never said that a computer couldn't do 
that. ' And what does he offer instead? Phenomenology! That ball of 
fluff! That cotton candy! " (McCorduck, 1979. p197). 
As Winograd and Flores explain, in defence of their methods members of the A. I. 
community such as Feigenbaum and Papert have tended to view Dreyfus' alternative 
approach to A. I. as "some kind of mysticism, religion, or fuzzy thinking that is a 
throwback to earlier stages of civilization" (Winograd and Flores, 1986. p16). 
3 .3 Gregory and Pask 
Gregory has identified four major assumptions about the nature of knowledge with 
respect to the current wide-spread approach to building expert systems (Gregory, 1986. 
p835). The first assumption is that "knowledge is a commodity that can be traded, 
remembered, forgotten, discovered, taken, or left. Knowledge is an 'it' that can be 
known or unknown". The second assumption maintains that knowledge can be viewed 
as a separate entity to the "knower", and the third assumption is that "it is reasonable to 
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think of knowledge as a set of declarative statements or concepts which connect to each 
other via an explicit logical rule set". Gregory emphasises the significance of this 
assumption by explaining that the way knowledge is connected to this "semantic net 
structure" is then assumed to be a true representation of the real world. The final 
assumption is that many researchers in A. I. have taken for granted that "knowledge 
is... analyzable into its primitive components". The picture portrayed in these four 
assumptions can be seen to reflect the argument put forward in the previous chapter 
concerning the "objective" nature of the models of expertise for most current 
approaches to expert system design and KE. Similarities of this view with Popper's 
notion of World 3, which relates to products of the human ` mind, - may also be 
discernible (Popper and Eccles, 1977). 
Gregory explains how the four assumptions outlined above originate from the 
"philosophy of realism", which emphasises "objectivity, causality, linearity and it- 
referenced measurement" (ibid. p836). He describes how this "realist" approach is 
developed upon "the same deceptively simple underlying assumption: the world is 
stable and independent of we who observe it" (ibid. ). It would seem, ' therefore, that 
what Gregory calls the "realist" approach to expert system design, like the 
"rationalistic" approach referred to by Winograd and Flores, shares the characteristics of 
Burrell and Morgan's "functionalist" paradigm. 
In an attempt to overcome the problems that a "realist" approach engenders for expert 
system development, Gregory advocates "idealism" as an alternative epistemological 
and ontological foundation for expert system development. He defines ý idealism as 
placing emphasis on "meaning and process". rather than on "objects", and outlines the 
methodological implications of such an approach: 
"what is observed is assumed to interpenetrate with the process of 
observing, and the truth of acquired lmowledge depends not on its 
correspondence with a logically distinct world but on its coherence 
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supported by a world with which we fundamentally connect ourselves by 
actively distinguishing it" (ibid. p838). 
Such a view, Gregory -argues, can be orchestrated through the adoption of a 'new' or 
'second-order' cybernetic approach as a framework for inquiry. Gregory suggests that 
through the writings of such investigators as Pask et al. (1973), Varela et al. (1974) and 
Glanville (1979), cybernetics has been "transformed into the study of observing systems 
in which the role of the observer is acknowledged in any results that s/he may obtain" 
(Gregory, 1986. p838). 
Gregory summarises how the adoption of a'new', or'second-order', cybernetic approach 
may be seen to change the way in which one views knowledge and knowing. He 
suggests that, first of all, this alternative view sees knowledge as a "process" rather than 
as a "state" and, secondly, that all knowledge consists of "coherent systems of 
relationships that connect knowers with the world, not facts with each other" (ibid. ). 
The third point he makes is that "facts cannot be described as being the 'absolute truth' 
but can only be said to be true within a particular context" (ibid. p839). As a result of 
this 'alternative' view of knowledge Gregory suggests that, as far as KE is concerned, 
the problem of eliciting and representing true facts has changed to become a problem of 
trying "to capture the coherency with which the subject area is understood by one or 
more perspectives" (ibid. p839. My italics). Gregory's view of knowledge can, 
therefore, be seen as representing a change in emphasis from the preoccupation with 
"facts" to an interest in an individual's understanding or interpretation of a situation. 
Gregory has investigated the possible contribution of Conversation theory (a cybernetic 
treatment of the problems of the representation and communication of knowledge, eg. 
Pask, 1976). He suggests that Conversation theory has much to offer as a foundation for 
an approach to the development of a particular genre of expert systems which he calls 
"conversation systems". Conversation systems can be described as attempting to 
provide an "intelligent communication channel" between the user and the expert system 
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knowledge-base which is "changed qualitatively by each interaction" between the two 
(Gregory, 1986. p842). Furthermore, Gregory suggests that the notion of a conversation 
system "radically change(s) the nature of the relationship between user and machine 
with respect to the nature of the task that they face together as a system" (ibid. p841). 
Consequently, Gregory explains, "users converse not with a conversation system but 
through it" (ibid. p841), with the aim of helping the user to understand more about his 
own knowledge rather than be provided with 'correct' knowledge. This particular view 
of an expert system can be seen to have some aspects in common with what Coombs 
and Alty have referred to as expert "advisor" systems (Coombs and Alty, 1984. pp2l- 
22). A result of Gregory's approach is that whereas expert systems are most useful in 
domains where'the interaction of the observer with the observed is of little importance, 
conversational systems are appropriate for domains of expertise 'which are dynamic, 
unstable and where the expertise may be dependent upon the'way in which the subject 
is observed (Gregory, 1986. p842). An example of the type of expertise that Gregory 
has in mind when talking about conversational systems is that of the military tactician. 
Pask and Gregory explain how Conversation theory can be operationalised through a 
protologic known as 'Lp'. They describe two underlying characteristics of Lp: (i) it is 
'fundamental' because "it is believed to underlie (that is, enables) whatever natural 
language is used for communication with each other. In this sense, it is a model of the 
processes by which natural language works to make us understandable to each other" 
(Pask and Gregory, 1987. pp204-205); (ii) it is "primitive" since it does not claim to be 
a mirror copy of the communicative processes that it claims to model. The overall 
advantage of Lp is that it is offered as "an extensible, refinable environment in which to 
explore the exchange of meaning between two or more conversational participants" 
(ibid. p205). However, a criticism of this approach offered here relates to the potential 
difficulty in equating Lp's "fundamental" nature to a philosophy of 'idealism' since it is 
founded upon what "is believed to underlie" natural language. Such a statement can be 
interpreted in Burrell and Morgan's terms as "functionalist" in that it "results in the 
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imposition of a model of conversation upon the KE process and the expertise that is 
elicited. This assumption seems to originate from cognitive science which together with 
cybernetics provide the theoretical. foundations of Conversation theory. The 
pragmatic/empirical and essentially "realist" tradition of these two disciplines is argued 
here to taint what is claimed by Pask and Gregory to be the "idealist" ontology and 
epistemology of Conversation theory. 
3.4 Johnson and Johnson 
Johnson and Johnson have developed a technique known as "teachback" in an attempt 
to provide a"'good methodology". for building expert systems and undertaking KE. The 
theoretical stance of their approach is that expert "competence", as opposed to mere 
expert "performance", is most usefully incorporated in expert systems. This stance 
results in their preoccupation with modelling an expert's conceptual view of his 
knowledge rather than focusing solely upon his procedural skills. Johnson and Johnson's 
approach is discussed here as a "subjective" approach to KE because at the centre of 
their approach is their treatment of interview data as "qualitative data to be analyzed 
from various perspectives" (Johnson and Johnson, 1987a. p92). Their analyses of this 
data are expressed as systemic grammar networks (SGN) (a representation scheme used 
by linguists to formalise their functional approach to grammar), which they claim is an 
appropriate way to model expert competence. 
The approach Johnson and Johnson adopt is carried out by means of a programme of 
semi-structured interviews which are based upon Conversation theory (Pack, 1976). 
They emphasise the importance of the dialogue between expert and elicitor since it is 
through language itself that the expert's knowledge, which is "characteristically 
complex and esoteric", is expressed and thus acts as "a versatile and highly expressive 
medium" (ibid. p93). Their aim is to provide what they refer to as "a flexible interview 
technique" as a means of "eliciting the global picture of an expert's knowledge 
necessary for constructing credible expert systems" (ibid. ). The approach used seeks to 
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analyse interactions between expert and knowledge elicitor at two levels: Level 0 deals 
with "procedures that bring about a specified relation, whilst Level 1 seeks to discuss 
the methods - used for the reconstruction of the Level 0 procedures (Johnson and 
Johnson, 1987b. ppl54-155). 
The idea of "teachback" is of vital importance to their approach since it is used to 
generate ideas, facts and procedures which can be recorded during the interview 
session. They also offer it as a means of avoiding the imposition of the interviewers 
view of the domain on that of the expert (ibid. p156, p158). However, Johnson and 
Johnson explain that it is "the interviewer's interpretation... that conveys content" (ibid. 
p163. My italics). They also stress their view of KE as being"social science research 
not merely uncovering self evident 'data " {ibid. ). 
/ 
The concept of "teachback" seems likely to be of particular value as a means of eliciting 
knowledge and validating elicited knowledge. An important aspect of Johnson and 
Johnson's approach is that it depends heavily upon the interviewers interpretation of the 
expert's knowledge as described through the form of the SGN, which they offer as a 
suitable mediating representation for human knowledge (Johnson, 1939). The picture to 
be gained from their writing is one whereby the structure of the SGN acts as a model of 
the expert's knowledge (based upon linguistic modelling) which is then used as a means 
of eliciting more comments from the expert. This approach resembles a kind of "paper 
prototyping" in that the SGN, whilst content-free is a model of a functional approach to 
grammar which is imposed upon the expert's way of thinking: it produces a model of 
the expert's expertise. Furthermore, apart from advising the preparation of Level 0 and 
Level 1 questions, Johnson and Johnson offer little specific guidance about how to 
undertake KE but make general suggestions such as "think of a couple of ways to 
generate a list of possible topics to discuss" (Johnson and Johnson, 1987b. p165). 
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3.5 Bell and Hardiman 
A recognition of the need to take the more subjective aspects of expertise into account 
during the process of KE has encouraged Bell and Hardiman to'seek'an alternative 
theoretical foundation as a starting point for a KE methodology. They have selected the 
method of "Naturalistic Inquiry", put forward by Lincoln and Guba (1985), as a means 
of carrying out KE which they perceive to be characteristic of the "new paradigm" 
research discussed by Reason and Rowan (1981). 
Lincoln and Guba equate the "naturalistic paradigm" with other sociological theories, 
explaining that "it has other aliases... for example: the postpositivistic, ethnographic, 
phenomenological, subjective, case study, qualitative, hermeneutic, humanistic" (1985. 
p7). Like Winograd and Flores, Lincoln and Guba recognise how difficult it may be for 
those whom they describe as being "so imbued with the tenets of science" to accept any 
other way of thinking since: 
"we take its [science's] assumptions utterly for granted, so much so that 
we almost cannot comprehend the possibility that there might be other 
ways of thinking. And when other ways are suggested, we are inclined to 
shut our ears, feeling that merely to listen to them is, quite literally, a 
heresy" (ibid. ppS-9). 
A foundation of Lincoln and Guba's approach can be found in the ideas put forward, by 
Schwartz and Ogilvy who explain the difficulties faced by those wishing to conduct 
research using human actors: 
"... a human being - is very complex and unpredictable. People behave 
one way now and a different way later. When they change, they often 
change suddenly. They are internally connected, consisting of many 
complex subsystems. They are externally interconnected with other 
people and the world around them. When people interact they affect each 
other. Because of this complexity of interaction, people don't always see 
the same things; they have unique perspectives" (Schwartz and Ogilvy, 
1979. p15). 
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Lincoln and Guba's concept of Naturalistic Inquiry is operationalised through a 14-point 
guide-line for conducting naturalistic research, which includes the recognition of the 
need for such things as: a naturalistic setting for the research; the view of humans as 
primary data-gathering instruments; the legitimization of "tacit" knowledge; the choice 
of qualitative methods over quantitative methods; emergent design; negotiated 
outcomes; case study reporting mode; and ideographic interpretation (ibid. pp39-43). 
Bell and Hardiman reject "scientific inquiry based on an objectivist epistemology" 
(1989. p50) as a basis for the process of KE since, they argue, this approach fails to 
recognise that both the "inquirer and inquiree are the same class of object" and that 
when applied to research involving human actors the more traditional methods of 
inquiry "have an alienating and distancing effect". Instead they adopt what they refer to 
as "this emergent naturalistic paradigm" (ibid. pp5O-51). The methods they employ for 
KE are a combination of interviewing and psychological techniques, whilst Naturalistic 
inquiry is satisfied by using these different techniques in accordance with Lincoln and 
Gubä s 14-point guide-line. Much practical advice is also given such as the need to 
conduct KE in the setting within which the expertise is practiced (ibid. ppS7-58); that 
KE is an iterative process (ibid. pp59-62) and that the user should always be involved in 
helping to determine the scope of KE (ibid. pp79-81). Bell and Hardiman emphasise the 
"human side" of KE and advise that Heron's analysis of man's three fundamental 
emotional needs (Heron, 1977), may help the knowledge elicitor to recognise some of 
the problems that they may face when undertaking KE (Bell and Hardiman, 1989. p76). 
Although Bell and Hardiman have attempted to provide a firm theoretical basis for KE 
(which is taught world-wide in a course offered by IBM), the techniques they use to 
undertake KE do not always appear to reflect the "naturalistic" paradigm. Their work 
can'be criticised in that they are unable to present a comprehensive and practical KE 
approach which has been developed from the basis of naturalistic inquiry. Instead, the 
overall result of their work represents a case of traditional methods of inquiry being 
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applied within Lincoln and Gubä s guide-lines whenever possible rather than as a 
methodology for human inquiry. 
4. THE INTERPRETIVE PARADIGM AS A FOUNDATION FOR THE DESIGN OF 
COMPUTER SYSTEMS 
Each of the five approaches discussed above advocates the need to recognise the 
importance of the 'subjective' elements involved in the design of computer systems. The 
work of the five sets of authors was selected because they offered comments about the 
wider aspects of computer systems design, through to the design of expert systems and 
the development of KE methodologies. Table 5.1 presents a summary of the five 
approaches discussed and emphasises the author's criticism of these approaches. 
Although the ideas involved in the Five approaches reviewed in Section 3 stem from 
different foundations of sociological thought, they have in common the notion of a 
"subjective" view of social reality. Furthermore, it is argued here that the different 
views of the social world which is reflected in these ideas are characteristic of those 
strands of sociological theory that Burrell and Morgan assign to the Interpretive 
paradigm. 
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Authors of Field in which Theoretical Comments 
approach ideas are foundation 
applied of approach 
Winograd Computer system Biology, Advocate need for'shift' 
and Flores design; A. I.; hermeneutics, in way computer systems 
expert systems phenomenology are designed. Offer new 
framework for design but 
little practical advice 
Dreyfus Artificial Phenomenology Mind/brain as an holistic' Intelligence system. Mainly 
theoretical. Little advice 
on practical 
phenomenological 
approach to A. I. 
Gregory Conversational 2nd-order Move away from data- 
and Pask systems and cybernetics and technology-driven 
knowledge operationalised approach. Advocate 
acquisition through approach based 
Conversation upon assumptions about 
Theory nature of "conversation" 
Johnson Expert systems Conversation Elicitor's interpretation of 
and KE Theory expert's knowledge via Johnson SGNs. Structure of SGN 
imposed upon expertise 
Bell and KE Naturalistic Use of traditional KE 
Hardiman Inquiry (NJ. ) techniques within Lincoln 
and Guba's 14-point 
guide-line for N. I. 
Results in guide-lines for 
KE rather than KE 
methodology. Techniques 
used may not always 
reflect the essence of 
N. I. 
Table 5.1 Summary of work of authors reviewed in section 3 above 
4.1 Characteristics of the Interpretive Paradigm 
Figure 5.2 illustrates the four major but distinct sociological theories that Burrell and 
Morgan locate within the Interpretive paradigm on account of their underlying 
subjective and regulative view of the social world, namely, Solipsism (Berkeley), 
Phenomenology (Husserl, Schutz, Heidegger), Hermeneutics (Dilthey, Gadamer) and 
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Phenomenological Sociology (Garfinkel, Mead). It is not the intention here to discuss 
the origins and developments of the ideas of these thinkers but to identify the 
characteristics of "interpretive" theories and to consider the implications of an 
interpretive foundation for the design of computer systems in general and the 
development of an approach to KE in particular. 
The subjective and regulative view of the social world inherent in interpretive theories 
means that, as with functionalist theories, they maintain the view that human affairs are 
"cohesive, ordered, and integrated". However, in contrast to theories located within the 
Functionalist paradigm, interpretive theories place srnphasis upon the "understanding of 
the subjectively created social world 'as it is' in teens of an ongoing process" (Burrell 
and Morgan, 1979. p31). 
Burrell and Morgan characterise interpretive sociological theories as being concerned 
with understanding "the social world at the level of subjective experience". 
Consequently, interpretive approaches tend to adopt a nominalist, anti-positivist, 
voluntaristic and ideographic view of the social world. They are nominalist in that 
reality is seen as "an emergent social process which is created by the individuals 
concerned" (ibid. p28) and anti-positivist in that understanding the "subjective world of 
human experience" can'only be achieved by means of understanding from within the 
situation under investigation. This stance rejects, therefore, the methods of study 
applicable to the natural sciences and advocates instead the viewpoint of the actor 
involved in the situation under investigation rather than that of the objective observer. 
These interpretive sociological theories view human nature as being voluntaristic whilst 
the interest in subjective experience encourages the use of ideographic methods of 
inquiry (ibid. pp253-255). 
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4.2 Interpretive Social Theory as a Foundation for a Subjective Understanding of 
Expertise 
In Chapter Four it was argued that a subjective understanding of expertise/knowledge 
was of particular importance for the design of expert systems, especially where the 
application involves domains of expertise that are heavily dependent upon the less 
quantifiable, more heuristic aspects of expertise. The review of the work of those 
authors and researchers who have attempted to develop subjective- approaches to the 
design of computer systems, and in particular expert systems and the process of KE, has 
illustrated two general but important points: 
(i) that the current subjective approaches to computer system design, 
expert system development and KE reviewed above seem to share 
some characteristics with those schools of sociological theory that 
Burrell and Morgan locate within the Interpretive paradigm and 
(ii) theories of the subjective social world are difficult to implement in 
a way that offers a practical tool for the designer of computer 
systems. 
It would seem that "interpretive" social theory offers a potential theoretical foundation 
to a subjective approach to KE. However, the problem that remains is that of providing 
a useful interpretive "model", or representation, of expertise and a practical method of 
KE that reflects the interpretive stance adopted: as illustrated in sections 3.4 and 3.5, the 
tendency is for a subjective view of expertise/knowledge to be elicited using techniques 
which either, (i) impose their own structure upon the KE process or upon the expert's 
expertise, (ii) are nomothetic in character and (iii) have little coherence as a 
KE 
methodology. 
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5. SUNIMÄRY 
This chapter does not claim to have offered an exhaustive appraisal of the authors who 
have criticised what was referred to in Chapter Four as the "objective", or functionalist, 
approach to the design of computer systems. Instead, the aim has been to illustrate the 
approaches advocated by those researchers working in the field of Artificial 
Intelligence, expert systems and KE who have recognised a need to address the 
"subjective" nature of expertise/knowledge. An attempt has also been made to indicate 
the implications that the views of those authors discussed above have for both the 
practical development of expert systems and techniques for KE. An analysis of these 
five different approaches has shown that where a practical subjective approach to expert 
system design and KE is offered, the end result often fails to fulfil its expectations. For 
example, it has been argued that Gregory and Pask's approach is developed upon what 
might be described as "positivist" assumptions about the nature of language and Bell 
and Hardiman can be seen to revert to traditional KE techniques which they attempt to 
use (in a somewhat piecemeal approach) within the constraints of Lincoln and Guba s 
guide-lines for "Naturalistic Inquiry". The overall result seems to illustrate the difficulty 
of developing a truly subjective and practical approach to KE (see Edmonds et al. 1990. 
p101). 
The argument has been put forward at the end of this chapter that the ideas of the five 
authors reviewed in Section 3 about the nature of expertise can be seen as being 
characterised by views of the social world that Burrell and Morgan assign to the 
Interpretive paradigm. It has been suggested, therefore, that "interpretive" social theory 
may be able to offer some conceptual foundations of a practical approach to KE which 
is capable of addressing the more "subjective" elements of human expertise. It is to this 
proposition that the following chapter is addressed. 
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CHAPTER SIX 
A BASIS FOR AN INTERPRETIVE APPROACH TO 
KNOWLEDGE ELICITATION 
"'First of all', he said, 'if you can learn a simple trick, Scout, you'll get 
along a lot better with all kinds of folks. You never really understand a 
person until you consider things from his point of view-until you climb into his skin and walk around in it... 
(Harper Lee, To Kill A Mocking-Bird, 1960) 
I. INTRODUCITON 
In the previous chapter it was suggested that what Burrell and Morgan term 
"interpretive" sociology may offer an appropriate theoretical foundation for a way of 
thinking about the "subjective" elements of human expertise. However, a review of the 
work of authors who appear to have advocated this particular kind of approach suggests 
that there has been some difficulty in (i) developing a general subjective understanding, 
or model, of expertise and (ii) developing a practical ICE approach which reflects this 
subjective view of expertise. 
The main concern in this thesis is to identify a way in which a "subjective" view of 
expertise can be addressed by a practical KE approach. To this end Vickers' notion of an 
"appreciative system" is explored here as a useful model, or description, of the way in 
which an expert becomes "expert" and then practices this expertise. The means of 
operationalising Vickers' "appreciative system" in a way which is appropriate to the 
problem of KE is discussed and the idea of KE as an inquiring system is put forward. 
2. MODELS OF EXPERTISE - "OBJECTIVE" VERSUS "SUBJECITVE" 
In Chapters Four and Five two views of expertise were discussed and illustrated through 
the use of examples drawn from the field of KE, expert systems and computer system 
design in general. The first of these views concerned what was described as "objective" 
115 
expertise which was argued to be representative of the more "traditional" and popular 
approaches to KE. A representation of this "objective" view of expertise, which was 
argued to be largely technology-driven, was developed during this research and is 
reproduced below: 
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Figure 6 
.1 
Technology-driven model of 'expertise' (Source: Stowell and West. 1990. 
Figure 1 
In the diagram the client is shown consulting an expert who then 'accesses' his 
"expertise". The expert is assumed to be capable of expressing this expertise, which 
comprises facts and rules together with knowledge of the way these facts and rules can 
be applied, in a rule-based format and it is this assumption which is argued here to be 
the, basis of many current approaches to KE, as discussed in Chapter Four. This 
generalised model attempts to highlight the way in which an "objective" view of 
expertise regards the expert as being able to select appropriate "knowledge" in order to 
advise the client. Such a model may be seen as ideal for the designer of an expert 
system who is concerned with the technological problems of KE. However, it has been 
argued in this research that such a view ignores much of what has been referred'to as 
"expertise". Consequently, this objective view of expertise is-unlikely to be successful 
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as a basis for KE tools, particularly when these tools are used in poorly-defined, ill- 
structured and heuristic domains of expertise. 
In an attempt to illusttate the wider implications of a subjective view of expertise 
discussed in Chapter Four the following model has been developed: 
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.2 Model of ezRert/client relationship (Source: after 
Stowell and west. 1990. 
Figure 2 
The above representation does not presume to offer an exact model of expertise but 
presents a diagram of. an expert/client relationship which will be used as a means of 
discussing the wider implications of the acquisition and practice of human expertise. 
Figure 6.2 attempts to represent the way in which the client and expert (both of whom 
can be considered as experts in their own right - the expert in temms of his knowledge 
about the domain and the client in his knowledge of the problem he needs to address), 
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can be seen as having their own perceptions of the problem situation and their own 
expectations of how the 'problem' can be solved. The views of both these individuals, 
which may not necessarily be shared, relate to their respective understanding, or 
appreciation, of the problem domain. It was the picture of expertise portrayed in this 
second model that suggested the similarities between it and the notion of appreciation as 
developed by- Sir Geoffrey Vickers. In the following section Vickers' work on 
appreciation and his notion of an appreciative system are presented and their 
implications for KE discussed. 
I VICKERS' NOTION OF AN "APPRECIATIVE SYSTEM" 
Vickers' notion of "appreciation" and the concept of an "appreciative system" were the 
result of his lifetime's experience as a soldier, a lawyer, an- administrator and of his 
work within an academic environment. -His interest in human behaviour and policy 
making caused him to reflect upon his experience in an attempt to understand the 
underlying explanation for human decision-making and action. With the publication of 
his article, Appreciative Behaviour, in 1963, Vickers had hoped that psychologists and 
historians would take up the challenge he offered in his discussion of human behaviour 
by investigating and further developing the process he called "appreciation" (Blunden, 
1984. p26). In part such a challenge was the result of Vickers' concern about the way in 
which disciplines such as psychology and history, -which deal expressively with human 
behaviour, had become entrenched in the desire to be seen as proponents of science and, 
consequently, had tended to focus their attention upon explaining observable human 
action instead of applying themselves to the problems of human processes such as 
thinking and consciousness (ibid. p27). His concern about the way in which human 
motivation and action often seem to be overlooked in favour of models of purposeful 
action is also evident from his various comments referring to the perceived influence of 
computers in everyday life. For example, in 1965, in a response to Dreyfus' RAND 
publication, Alchemy and A. I., Vickers talked in terms of "a grave practical danger" 
concerning the way that a preoccupation with computers had encouraged an approach. 
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whereby intellectual activity was fitted into a format that was suitable for manipulation 
by digital computers (ibid. p31). Similarly, in 1978, in his Presidential Address to the 
International Society for General Systems Research (ISGSR), Vickers warned his 
audience about the potential influence of technology: "the danger of creating a world to 
fit our present understanding of digital computers, is, I think, real and serious" (Vickers, 
1978). This warning seems to be of particular relevance to the problems surrounding the 
process of KE described earlier in this thesis. 
3. l "Appreciation" 
Vickers' concern about the way in which policy making is effected led him to propose 
the term "appreciation" to refer to the way in which a human being gains understanding 
about the context of a problem situation which enables appropriate policies to be set and 
action taken. However, it would seem that the notion of "appreciation" relates not only 
to policy making but to the social process in general (Checkland, 1981. p263). 
Vickers describes appreciation as a process in which judgements are made by the 
appreciator about the perceived state of the system with both its internal and external 
relations. These judgements, which he calls "reality judgements", may be based upon 
the state of the system past, present and future. A second aspect of appreciation is 
judgement concerning the significance of the perceived "reality" of the state of the 
system to the appreciator. Vickers calls these judgements "value judgements". For 
Vickers, reality judgements and value judgements are inseparable components of 
appreciation. He explains: 
"The relation between judgements of fact and of 'value is close and 
mutual; for facts are relevant only in relation to some judgement of value 
and judgements of value are operative only in relation to some 
configuration of fact" (Vickers, 1965. p40). 
He continues to emphasise the subjective nature of appreciation when he describes an 
appreciative system as "a net, of which weft and warp are reality concepts and value 
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concepts. Reality concepts classify experience in ways which may be variously valued. 
Value concepts classify types of relation which may appear in various configurations of 
expertise" (ibid. p70). 
"Appreciation", then, is dependent upon perceived reality and the value that the 
appreciator assigns to this reality. Consequently, "appreciation" does not deal with 
absolute rights and wrongs, only with situations which are acceptable or unacceptable to 
the appreciator. Vickers explains this point by suggesting that, by their very nature, 
value judgements, whether of an individual or"group, "cannot be proved correct or 
incorrect; they can only be approved as right or condemned as wrong by the exercise of 
another value judgement" (ibid. p71). 
Vickers also explains the way in which the process of appreciation can be seen to direct 
human action: 
"These appreciative judgements reflect the view currently held by those 
who make them of their interests and responsibilities, views largely 
implicit and unconscious which none the less condition what events and 
relations they will regard as relevant or possibly relevant to them, and 
whether they will regard these as welcome or unwelcome, important or 
unimportant, demanding or not demanding action or concern by them" 
(ibid. p67). 
A result of this process of appreciation as described above is that it directs the way in 
which one learns' by being responsible for what Vickers calls "readinesses" which act 
to "distinguish some aspects of the situation rather than others and to classify and value 
these in this way rather than that" (ibid. p67). Consequently, appreciation influences the 
way in which further understanding, or appreciation, is developed since they may create 
both further 'readinesses' and 'unreadinesses' to see, value and respond (ibid. p68). 
Vickers describes these readinesses as representing what he calls "an appreciative 
system" because "they seem to be organised as a whole" (ibid. p67). 
120 
Vickers had developed a keen interest in "Systems" thinking since the time of his first 
introduction to the ideas in the late 1940's and early 1950's (Blunden, 1985. p108). He 
explained the effect that learning about systems thinking had on him: 
"the effect on me was not so much revelation as liberation. The ideas did 
not seem surprising or even new. But they provided a new language in 
which to talk about the perplexing experience of my lifetime and a new 
point of view from which to regard it" (Blunden, 1984. pp19-20). 
Checkland and Casar (1986. p4) describe how Vickers was "surprised at the 
technological orientation of most systems thinkers" because he believed systems 
thinking and cybernetics to be most interesting when applied to the areas of human 
"governance". 
From an analysis of Vickers' writings on the subject Checkland and Casar have 
suggested that Vickers considered the operation of appreciative systems to be an 
unconscious process since much of the knowledge involved is tacit; 'appreciation', 
therefore, cannot be considered to be purposeful human activity. They point out that 
Vickers' writings on appreciation were an attempt to "provide a description of what he 
regards as the actual social process which characterises human communication and 
action. His writings clearly imply a model which is an account of a system observable in 
principle... " (ibid. p4). 
3.2 Checkland and Casar s Model of an Appreciative System 
Although Vickers explored the concept of appreciation and developed the notion of an 
appreciative system in his writing he did not illustrate his thoughts diagrammatically. 
His modelling medium was that of the written word which, as Checkland and Casar 
relate, Vickers saw as being a result of his classical education which did not encourage 
"diagrams" (ibid. p3). However, in an attempt to express the notion of appreciation 
more clearly and as a means of "making it operational" Checkland and Casar have 
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developed a model of an "appreciative system", based upon recurring themes in 
Vickers' writing on 'appreciation'. Their model is reproduced in Figure 6.3. 
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Fi; ure 6.3 Checkland and Casar's model of an Appreciative System (Source: 
Checkland. and Casar. 1986. Fi; ure 4) 
Checkland and Casar identify five, major ideas, which can be taken from Vickers' 
writings, as being central to their model of an appreciative system: 
(i) Experience of everyday life as a flux of interacting events and ideas 
(Lebenswelt); 
(ü) Separate judgements about what is and what is good or bad, both of 
which stem from previously developed standards of what is and 
what is good or bad which are a result of "the previous history of the 
system itself' (ibid. p5); 
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(iii) The concept of "relationship maintaining" as a richer and more 
appropriate concept of human action than the popular notion of 
'goal-seeking ; 
(iv) The idea that action judgements stem from both reality judgements 
and value judgements; 
(v) Action, as a result of appreciation, contributes to the flux of events 
and ideas., 
Checkland and Casar illustrate the -systemic nature of appreciation as shown 
in their 
model when they describe it as being composed of a linked set of abstract entities. The 
"emergent property' of these linked entities is their "ability to express the process 
Vickers calls 'appreciation': only the system as a whole can enact 'appreciation' as a 
social process" (ibid. p5). 
The dynamic nature of appreciation is also discussed by Checkland and Casar who 
explain that although the form of the appreciative system remains the same, its contents, 
or what they refer to as its "settings", are continually, but not necessarily continuously, 
changing.. They describe the autopoietic ("self-producing"), nature (Maturana and 
Varela, 1987), of an appreciative system and explain how: 
"through its (changing) filters it is always open to new inputs from the 
flux of events and ideas, a characteristic which seems essential if the 
model is to map our everyday experience of the shifting perceptions and 
judgements and structures of the world of culture" (ibid. p5) 
3 
.3 The Interpretive Nature of the Notion of Appreciation and an 
Appreciative System 
Vickers' main concern in his writings was to discuss and investigate the meaning and 
significance of his lifetime's experience - in terms of,: the social processes that 
he 
witnessed to take place. He made no attempt to investigate any similarities between his 
work and existing sociological theories, leaving this task to others if they were so 
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inclined (Checkland and Casar, 1986. pp3-4). Unfortunately, there seems to be little 
work yet published that is dedicated to this task. The aim of this section is not to give a 
detailed analysis of Vickers' work on "appreciation" in relation to sociological thought 
but to attempt to illustrate its essentially "interpretive" nature. 
Vickers developed the notion of "appreciation" in order to explain human policy 
making and action in a managerial setting. However, the operationalisation of 
"appreciation" through an "appreciative system", can be extended to include social 
processes in general, since, as Checkland points out (1981. p263), an "appreciative 
system" is a "learning system" and for Vickers the basic social process is a process of 
learning. Vickers' view of the social process can be seen to be developed around an 
individual's, or group's, perceptions of and reactions to what is described as the 
interacting flux of events and ideas. However, these perceptions and actions are brought 
about by "readinesses" to perceive and act that are a result of the past history of the 
individual's (or groups'), perceiving and acting. The process of appreciation is, then, of a 
subjective nature, reality being perceived and valued by the individual whose actions 
are not deterministic but are influenced and regulated by past experience, the present 
situation and, possibly, by forecasting the future. The notion of appreciation is therefore 
dependent upon the individual's, or groups, past cycles of appreciation during which 
standards were developed that influence and direct future action and learning. Thus, 
appreciation draws upon the everyday involvement and interaction of the individual, or 
group, with the continuous flux of events and ideas. 
The regulative nature of Vickers' work, a concept which along with subjectivity 
characterises interpretive sociology, can be seen in his desire through the concept of 
appreciation and the notion of an appreciative system to impose some form of order on 
human affairs (Blunden, 1985. p107). However, this order takes the form of broad, or 
meta-level, concerns about human decision making and action which provide the basis 
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of a framework for looking at social processes rather than a detailed model that explains 
some purposeful action. 
Vickers' concentration on the problems of human behaviour and its explanation through 
the use of systems concepts meant that his work could be classified as belonging to the 
'soft systems' approach within the systems movement (Checkland, 1979). He showed 
concern about the way in which systems ideas, noticeably Operation Research and 
Cybernetics placed emphasis on investigating human action as a quantifiable aspect of 
management to the exclusion of those unquantifiable aspects, which, he argued, were at 
the core of management decision making and action. The framework that Vickers' work 
offers seeks to deal expressively with subjective human judgement and its ensuing 
moral issues. 
It is argued, therefore, that Vickers' ideas of appreciation and the appreciative system 
are "interpretive" in nature in that they seek to provide a framework within which to 
investigate and explain the subjective world of human experience. The word 
"framework" is used because the notion of an appreciative system, as interpreted by 
Checkland and Casar, does not represent an attempt to develop and impose an external 
form and structure upon the way that individuals or groups are seen to learn about the 
social world. Instead, 'Vickers offered his ideas as a means of structuring an 
investigation into human decision making and action and interpreting the results of this 
process in a meaningful and useful way. Consequently, an appreciative system can be 
viewed in terms of a meta-level description of the process of social inquiry that, 
Vickers 
claimed, offers an epistemology from which to describe the processes of 
human 
deliberation and action. 
Checkland and Casar summarise the implications of Vickers' work on appreciation and 
in so doing describe its "interpretive" nature. They explain that throughout Vickers' 
work is the suggestion that: 
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"social reality cannot ultimately be thought of positivistically, on the 
basis of the 'single problem-single answer' approach which scientists and 
engineers often bring to social issues. An appreciative system... assumes 
a plurality of biases that are locked in continuous, dynamic, and fluid 
contention" (Checkland and Casar, 1986. p10). 
There would appear, therefore, to be relationships between Vickers' work and 
phenomenological sociology and hermeneutics (Atkinson, 1984). Vickers' concept of 
the interacting flux of events and ideas has been likened to the notion of Lebenswelt, or 
the life-world (Checkland, 1981. p275), an understanding of which forms the main 
concern of Schutz's investigations. Schutz explains the importance of the life-world as a 
basis of transcendental phenomenology: 
"... not only I but also you and everyone belong to this life-world. My 
transcendental subjectivity, in the activities of which this world is 
constituted, must thus from the beginning be related to other 
subjectivities, in relation to the activities of which it authorizes and 
rectifies its own. And to this life-world, which is characterised as the 
single and unitary life-world of us all, belong indeed all the phenomena 
of social life from the simple Thou-relation to the most diverse types of 
social communities (including all the sciences as a sum total of the 
accomplishments of those who are engaged in science). In short, all that 
constitutes our own social world in its historical actuality, and all other 
social worlds concerning which history gives us knowledge, belongs to 
it" (Schutz, 1971. p121). 
Checkland points out that Schutz's description of the way in which an individual learns 
and makes sense of the social world whereby "the interest prevailing at the moment 
determines the elements which' the individual styles out of the surrounding objective 
world... so as to define his situation", is, in fact, "a precise account of what Vickers, 
reflecting upon his own forty years of experiences in the world of affairs, has put into 
his theory of 'appreciative systems"' (Checkland, 1981. p275). 
There are also clear connections between Vickers' appreciative system and 
hermeneutics. Hermeneutics, which is concerned with the understanding and 
interpretation of the written word (Palmer, 1969), is developed upon a view of the social 
whole being inseparable from its parts and vice versa (eg. the written text is a product of 
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the author's understanding of his world). Rickman (1976. pll), describes how in an 
attempt to develop a methodological framework for textual analysis and interpretation 
Dilthey recognised that "there are no absolute starting points, no self-evident, self- 
contained certainties upon which we can build, because we always find ourselves in the 
middle of complex situations which we try to disentangle by making, then revising, 
provisional assumptions". Gadamer emphasises the way, in which human nature is 
determined by our cultural background and the role that language plays. He explains: 
"To acquire an awareness of a situation is, however, always a task of 
particular difficulty. The very idea of a situation means that we are not 
standing outside it and hence are unable to have any objective 
knowledge of it. We are always within the situation, and to throw light 
on it is a task that is never entirely completed.... To exist historically 
means that knowledge of oneself can never be complete" (Gadamer, 
1975. pp268-269). 
It is suggested here, therefore, that an appreciative system as a system that enables 
learning by means of the process descr ibed by Checkland and Casar can also be seen as 
a means of enabling Verstehen, a central concept of Dilthey's hermeneutic circle (eg. 
Dilthey, 1961; 1976). 
3.4 "Expertise" and "Appreciation" 
Vickers commented upon the role of technology in the social world and his comments 
seem to be of particular relevance to expert systems and the role they play (or may play 
in the future), in management and the professions. He was concerned at the way in 
which technological understanding imposes its own structure upon social processes 
such as management and felt that this would result in, what Blunden describes as, the 
"tendency to downgrade the tacit, the discretionary, the judgemental and the ethical 
components of the job" (Blunden, 1985. plll). In such a manner Vickers saw 
technology as being capable of being both liberating and limiting in the sense that: 
"men and their cultures are profoundly influenced by the tools they- 
use ... technology is not and never can 
be 'neutral'. It shapes the users' 
minds and habits, it limits as well as enlarges" (Vickers, 1983. p8). 
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The idea of technology influencing the way in which we regard and investigate social 
processes is a theme which was discussed earlier in this thesis in Chapters Two and 
Four. It has particular relevance for the problems of expert system design and KE since 
KE deals explicitly with the very 'human' concept of expertise and its interpretation in a 
format that can be manipulated by expert system technology. The technology- 
influenced view of expertise has been argued here to be that whereby expertise is 
largely considered as a resource that is acquired and then maintained by an individual in 
a concrete state, and which, therefore, can be categorized and elicited using different 
KE techniques. In comparison to this functionalist view, it has been suggested in this 
thesis that acquiring and practising expertise is a complex process involving events and 
ideas pertaining not only to the expert but also to those who are part of the environment 
in which the expert practices his expertise. The view of expertise offered here and 
illustrated in Figure 6.2 emphasises expertise as a continual and iterative process of 
learning about a situation, putting into practice what one has learnt, which in turn, aids 
the learning process. 
There would appear to be some similarities between this latter view of expertise and 
Vickers' concepts of appreciation and an appreciative system as modelled by Checkland 
and Casar. For Vickers, appreciation seemed to be an unconscious, continuous and 
circular process: 
"Reality judgements and value judgements are inseparable constituents 
of appreciation, they correspond with those observations of fact and 
comparison with norms which form the first segment of any regulative 
cycle, except that the definition of the relevant norm or complex of 
norms, like the identification of the relevant facts is itself a product of 
the appreciation" (Vickers, 1965. p40). 
The above description of appreciation also seems to encapsulate the nature of expertise 
as argued in this thesis, namely, that it stresses the concepts of subjectivity, complexity 
and contextuality. Consequently, the argument is put forward here that the process of 
learning and understanding which is brought about through what Vickers terms an 
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"appreciative system" is similar to the process an individual goes through when 
becoming expert and when practising expertise which in turn leads to a greater level of 
expertise based upon experience. In short, an expert learns not only facts and rules 
about his subject area but also learns about his subject domain experientially, thus 
gaining an appreciation of that domain which makes him an expert (West, 1990a). Just 
as Vickers describes appreciation as a means of developing reality and value 
judgements which enable action judgements that are not 'right' or'wrong' but only more 
or less acceptable, neither is expert advice 'right' or 'wrong': it can only be judged 
appropriate or inappropriate within the context in which it is made and by those who 
also have an 'appreciation' of the problem-situation. 
If we are to accept this association of appreciation and expertise, an important question 
to be answered is whether or not Vickers' ideas about appreciative systems can make 
any practical contribution to the process of KE? Checkland and Casar claim that the 
model of an appreciative system they have developed from Vickers' writings "can 
provide an epistemology for describing the social processes in which human beings 
deliberate and act". They continue by suggesting the practical value of this model: "the 
implication of this is that conscious use of the model could enrich studies of real-world 
deliberation and action" (Checkland and Casar, 1986. p10). Is it possible, then, that the 
"social reality" involved in the formation of expertise and in its elicitation for use within 
an expert system, can, in some way, be addressed by the operationalisation of Vickers' 
notion of an "appreciative system"? It is to this question that the following section turns. 
4 OPERATIONALISING VICKERS' NOTION OF AN "APPRECIATIVE SYSTEM" 
- KE AS AN INQUIRING SYSTEM 
In Chapter Five it was noted that researchers advocating what was argued to 
be a 
subjective view of expertise, oftenI taking a stance that stemmed from 
'interpretive' 
sociology, seemed to have difficulty in translating this idea of expertise into a practical 
approach to KE that reflected this subjective view. This was argued to 
be particularly 
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noticeable in the work of Bell and Hardiman. How, then, can Vickers' notion of an 
appreciative system be operationalised so as to provide a practical approach to KE for 
expert system design? 
The view of Vickers' notion of an appreciative system can be seen as a meta-level 
model of the process of inquiry which, Churchman (1971, p8) explains, is "an activity 
which produces knowledge". Furthermore, it offers an explanation of the way in which 
an individual or group can be said to take part in 'social reality', learn from this 
participation which in turn directs their further participation as illustrated in Figure 6.4. 
leam participate 
Figure 6.4 The learn/oarticimte cycle suggested by Vickers' appreciative svste 
This circular process of learning and participation is also reflected in the theory-practice 
cycle that is action research" and can be recognised as the way in which Checkland 
illustrates the development and use of Soft Systems Methodology (SSM) as a means of 
conducting inquiry into social processes (1989c). It is this link between SSM and 
Vickers' work that has provided the basis of a framework for operationalising the 
concept of an appreciative system in a way that may be beneficial to the knowledge 
elicitor (West, 1990a). 
4.1 Appreciation Inquiry and Knowledge Elicitation 
Checkland (1981. p246) has argued the relationship of SSM to Vickers' work, claiming 
that "the methodology is a Singerian enquiry system whose mode of operation provides 
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a formal means of initiating and consciously reflecting upon the social process of 
'appreciation"'. The Singerian notion of inquiry as an endless process is clearly evident 
in Checkland's discussion of SSM (eg. Checkland, 1982. p38). So too, one might argue, 
is Singers concept of an "heroic mood"- in the sense that the analyst is free to select 
relevant systems for investigation and in that Weltanschauungen, (word-views) may be 
modified (Checkland, 1981. p281). Elsewhere Checkland has described SSM more 
specifically as "an inquiring system which orchestrates and articulates the process of 
appreciation" (Checkland aand Casar, 1986.. p10). -Checkland 
(1981. p263) stresses the 
role of stages 5 and 6 of SSM as being particularly relevant to the operationalisation of 
Vickers' notion of appreciation in that the comparison of the "Conceptual Models" with 
the "real-world" situation acts as a way of explicitly examining the "appreciative 
settings" of the situation under investigation. Moreover, the iterative cycle of SSM as a 
means of structuring an inquiry into a particular problem situation whereby world views 
of those involved in the situation are made explicit and explored represents an example 
of practical way of operationalising Vickers' notion of an appreciative system. 
It is this relationship between Vickers' concept of an appreciative system and 
Checkland's SSM that is highlighted here and examined in terms if its significance for 
the process of KE. However, it is important to emphasise that the KE approach 
advocated here is not SSM as described by Checkland (which has been specifically 
developed as an organisational problem-solving methodology). Instead the underlying 
concepts of SSM that operationalise the*notion of appreciation are put forward here as a 
basis for a subjective approach to KE: by viewing the process of KE as an 
inquiring 
system the KE approach suggested here shares the phenomenological/hermeneutic 
foundations of SSM (eg. see Checkland, 1981,1982; Jackson, 1982,1983; 
Mingers, 
1984), and attempts to address what is argued to be a "soft" problem situation 
in a 
systemic fashion. Most importantly, use of the approach seeks to appreciate and elicit 
an expert's understandingts of his expertise. Consequently, the KE approach to 
be 
proposed in Chapter Seven has drawn upon elements of SSM that seem relevant to the 
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problem of KE which, together with other systems ideas, are offered as a practical 
means of eliciting human expertise. 
5 CONCLUSION - KE AS AN INQUIRING SYSTEM 
The notion of an appreciative system as developed by Vickers attempts to describe the 
process of learning that underlies and enables social processes such as decision and 
policy making and action. The claim that SSM, as an operationalisation of this systemic 
description of the process of learning with its emphasis upon a subjective view of social 
reality represents a practical means of finding out about, or inquiring into social 
processes. It is suggested here that KE can be viewed in terms of an 'inquiring system' 
since it is through this process that the knowledge elicitor seeks to make the expert's 
expertise explicit by means of exploring the expert's own understanding of his domain 
(West, 1990b). As a result of this contention, in the following Chapter elements of 
SSM, together with other systems ideas are offered as a potential framework for the 
development of a practical approach to KE which is capable of addressing the 
subjective elements of human expertise as argued earlier in Chapter Five. 
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CHAPTER SEVEN 
SUBJECTIVE KNOWLEDGE ELICITATION - KEY ELEMENTS 
AND A PRACTICAL APPROACH 
"We seek to improve design by criticising the faults and trying to 
improve them.... However, removing the faults in a stage-coach may 
produce a perfect stage-coach but is most unlikely to produce the first 
motor car" 
(E. de Bono, Future Positive. 1979) 
I. INTRODUCTION 
In its role of presenting the author's ideas about a practical approach to KE, Chapter 
Seven has three main aims: 
(i) to provide a resume and summary of the arguments put forward in 
the previous chapters concerning the problems of KE 
(ii) to identify key elements of a practical KE approach that attempts 
to address some of the problems of KE referred to in (i) above. 
(iii) to outline a foundation for a practical approach to KE based 
upon the key elements in (ii) above. 
2. PROBLEMS OF ICE AND THEIR IMPLICATIONS FOR THE IDENTIFICATION 
2KEY ELEMENTS OF A SUBJECIZVE KE APPROACH 
Chapter Two of this thesis reviewed the problems surrounding the process of KE 
discussed in the KE/Expert System literature. In Chapters Four and Five it was argued 
that most current KE techniques are deficient because they are based upon an 
"objective" view of expertise which is inconsistent with what many researchers and 
commentators suggest to be the more "subjective" elements of human expertise. It was 
noted that even where researchers have recognised this dichotomy and have developed a 
conceptual basis for their approaches to KE which attempts to take into account the 
subjective elements of expertise, difficulties surrounding the practical application of 
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their ideas has resulted in them reverting to what has been argued in this thesis to be a 
functionalist approach to KE that fails to address the subjective aspects of expertise. 
In Chapter Six the author offered an argument for a conceptual foundation for a 
practical subjective approach to KE based upon Vickers' ideas of "appreciation" and 
"appreciative -. systems". It was argued that these ideas share the characteristics that 
Burrell and Morgan assign to the Interpretive paradigm of sociological thought. In 
Chapter Six, the view of KE as an inquiring system (the aim of which is to produce 
knowledge), was proposed as an appropriate basis for addressing some of the problems 
of KE identified in the previous chapters. 
Before describing the author's ideas about a practical approach to KE which may 
address some of the perceived difficulties of KE, this section concentrates upon 
establishing the key elements that the author believes need to underpin a practical 
subjective approach to KE. These key elements are identified as a result of an analysis 
of the problems discussed in Chapters Two, Four and Five and the ideas put forward in 
Chapter Six. 
2.1 Domain Analysis - An Holistic Approach 
As Chapter Two showed, one of the major problems perceived to exist with the 
majority of current approaches to KE is that they take the domain of expertise to be 
explored as "given" with little, or no, consideration of the necessity for an in-depth 
domain analysis phase. The result of this situation is that although detailed information 
may be collected about a specific part of the domain, a full understanding of the domain 
and its context, including the roles of the individuals involved, such as the expert and 
proposed users, is rarely achieved. For example, it has been argued earlier in this thesis 
that lack of domain analysis may be, in pan, to blame for the way in which, according 
to the KE literature, the proposed user(s) are frequently neglected. Instead, the focus of 
attention usually falls upon what the expert knows rather than on what the user needs to 
134 
know. Discussion with those involved in developing their own expert systems suggested 
that a further distraction from spending time on a detailed domain analysis is the lack of 
time which managers and those involved in the KE process may have allocated to the 
development of the knowledge-bases (West, 24/5/90). In addition, the prototyping 
approach (described in Chapter Two as one of the most popular approaches to KE), 
where the philosophy of the expert system developers is to get "something up and 
r uuning" within as short a time as possible, does not encourage a detailed analysis of the 
domain of expertise. A further point to be made here is that many KE techniques, such 
as focused interviews and the "contrived" psychological techniques, concentrate upon 
specifying the process as defined by the expert or client rather than attempting to define 
the "problem" being addressed. Consequently, the need to understand the domain of 
expertise within its working context is considered here to be of fundamental importance 
to the development of an expert system: instead of adopting the "taken as given" view 
of the domain of expertise it is suggested that the knowledge elicitor needs to 
understand the context of the domain so as to be able to consider the wider implications 
of decisions made by the domain expert which, in turn, may help to predict the future 
role and influence of the expert system when implemented. 
It would seem, therefore, that a useful guideline for any KE approach is that it should 
initially take a wide-ranging view of the domain of expertise and its context in order to 
enable a full understanding of the problem that the proposed expert system will solve, 
or alleviate. This emphasis upon understanding the domain is of particular importance 
when the domain of expertise is complex, poorly-defined, ill-structured and depends 
heavily upon human experience and subjectivity. The aim of the knowledge elicitor 
should be to avoid focusing upon the "problem" too soon, preferring instead to build up 
a broad view of the domain of expertise and the context in which it is practiced. 
For these reasons, the author suggests that "systems thinking" is a potential aid to the 
knowledge elicitor. As discussed in more detail in Chapter Three, systems thinking 
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developed out of the work of a small group of researchers in the 1940's and 1950's who, 
by developing a theory of "systems" based upon concepts familiar across different 
disciplines, sought to provide an interdisciplinary language (eg. von Bertalanffy 1971, 
1981). Their efforts represented an attempt to counteract the increasing tendency in the 
sciences for specialization and isolation. As was illustrated in Chapter Three (Figure 
3.1), the systems movement has developed to' encompass many different views and 
approaches to the practical use of systems thinking in problem-solving (eg. Cybernetics, 
Operational Research, the "Hard" and "Soft" systems approaches). The ideas presented 
in this Chapter about a practical subjective approach to KE draw upon ideas common to 
systems thinking in general but can be seen to be most influenced by the "soft" systems 
thinking that is associated with the work of Checkland. 
It is not appropriate to discuss the development of systems thinking in detail at this 
point since `it has already been discussed in Chapter Three and full accounts can be 
found elsewhere (eg. Emery, 1969; Checkland, 1981,1989d; Smith, 1982; Flood and 
Carson, 1988; Avison and Fitzgerald, 1988; Jackson, 1989; Checkland and Scholes, 
1990; Schoderbek et al. 1990). However, it is useful at this point to remind ourselves of 
some central concepts to systems thinking as they are relevant to the ideas put forward 
later in this chapter. 
A system is described in different ways by various researchers (eg. Churchman, 1968; 
von Bertalanffy, 1971; Ackoff and Emery, 1972; Ackoff, 1974; Mesaronic and 
Takahara, 1975; Checkland, 1981; Smith, 1982; Schoderbek et at. 1990), but common 
elements are those of (i) a set of parts that are (ii) interrelated so as to form (iii) a whole 
that exists within (iv) an environment. A point tobe emphasised is that each part can 
itself be viewed as a notional system comprising of different parts and each notional 
system is a part of a wider system. 
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Central. to systems thinking is the notion of "holism" and the need to understand the 
whole before breaking it down to identify and explore its parts. An important idea 
behind this concept is that of "synergy" which can be described as a relationship 
between "parts" of a system that manifests itself in a potentially different value of the 
system as a whole than of the sum of its individual parts. Ackoff (1974. p13) refers to 
systems thinking as "the doctrine of expansionism", whereby emphasis is placed on the 
larger wholes rather than on the wholes to be taken apart. This concept differs from that 
of reductionist science which seeks to reduce the complexity of a problem by reducing 
the whole to its smallest components, solving the problem of each component before re- 
assembling these components with the view that the problem of the whole-must be 
solved since the problem of all the parts are solved. Such an approach, it is argued, is 
inappropriate when applied in situations such as the design of expert systems since it is 
likely to neglect not only the wide-ranging causal effects of the practice of expertise but 
also fail to take into consideration the result of the synergistic relationships that , 
may 
exist within the domain of expertise. 
2.2 Context. Limiting the Domain. and World-Views 
Concepts familiar to the systems practitioner, such as "environment" and "boundary" 
(Carter et al. 1984. pp6-7), are also offered here as potential "tools" for use by the 
knowledge elicitor. Defining the boundary of the problem to be addressed by the expert 
system is of great importance and it is likely (and expected) that the boundary will be 
adjusted as increased understanding of the problem situation is gained. An explicit 
awareness of the process of drawing the boundary around a problem situation and 
defining the system's environment is likely to be a useful approach for the knowledge 
elicitor in that it may help not only to identify the potential expert(s) and user(s) for the 
proposed expert -system project but also to identify both the potential influences upon 
the expert system and the influences which the expert system can be expected to have 
on its surroundings (Greenwell, 1988. p39; Edmonds et al. 1990. pl0l)., 
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Closely connected to the ideas of environment and boundary is the notion of 
Weltanschauung ("W"), which can be translated (roughly) as "world-view" (Dilthey, 
1976 pp133-154), since the "W" of the knowledge elicitor and of the expert(s) and 
user(s) selected for interview is likely to influence both the way in which the boundary 
around the domain is developed and the way in which its environment is described. The 
notion of Weltanschauung features in what has been referred to as the "soft systems" 
movement and plays an important role in the work of Churchman, Ackoff, and 
Checkland (see Jackson, 1982). In Chapter Five it was argued that in addition to the 
more formal aspects of human knowledge, "expertise" can also be described as 
containing elements that are personal, and subjective to the domain expert. This 
description was expanded and discussed in more - detail in Chapter Six where the 
client/expert relationship was argued to be built not only upon facts and rules relating to 
the domain but also from knowledge that derived from experience and a wider 
"appreciation" of the problem situation. It was suggested that further ingredients for the 
practice of expertise were the expectations and perceptions of both client and expert, 
which, it was emphasised, may not necessarily be shared. This argument was illustrated 
in Figure 6.2. The idea'of Vickers' notion of an appreciative system was offered as a 
potentially useful means of representing the way in which an individual gains and, 
through practice and experience, increases his/her expertise. In particular this 
representation stressed the world-view or "appreciative picture" of the world/domain 
built up by the individual, or group, over time. 
The result of an individual's world-view is manifested, to some extent, in the bias, 
prejudice and assumptions that the individual brings to the practice of his expertise. The 
dangers of the imposition of such bias, prejudices and assumptions during the process of 
KE on the part of the expert(s), user(s) and knowledge elicitor were discussed in some 
detail in Chapter Two and were concluded to represent a serious threat to the process of 
KE and the development of a useful and reliable knowledge-base. However, that is not 
to say that bias, prejudice and assumptions are always undesirable components of 
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expertise since their very presence may be an indication of why the individual is 
considered to be an expert (eg. see Gammack, 1990 for an example of prejudice being 
an important element of expertise). Alternatively, an explanation of the reasons for their 
development or use may provide valuable insights into the way an expert operates and 
thinks. Although the results of bias and prejudice can be lessened in various ways 
(Cleaves, 198-7), it is unlikely that they can be prevented completely, especially in the 
more heuristic or subjective domains of expertise. A suitable approach to this problem, 
therefore, seems to be to attempt to make these biases and prejudices explicit so as to be 
able to discuss them with a view to understanding their origins and implications. A 
possible way of achieving this is suggested here to be by adopting an approach that 
offers the knowledge elicitor the potential to identify and explore the "W"s of those 
involved in KE. Emphasis is placed upon understanding the domain from the 
perspective of those involved within the domain itself. 
By attempting to make explicit and then collectively explore the ""W's of the different 
actors in an expert system project it is suggested here that any conflicting views held by 
the knowledge elicitor, experts, users and management may be better explored, 
understood and addressed. For example, management and users may hold conflicting 
views relating to the different uses to which the expert system is to be put; users and 
experts may have a different appreciation of the problem to be addressed by the expert 
system and its solution; different experts may have conflicting views about the domain 
and the way that problem-solving should be approached. This last point is emphasised 
due to the difficulties, discussed in Chapter Two, that were argued to characterise the 
use of multiple experts. 
2.3 Documentation - Diagrams and Modelling Techniques 
A further point raised in the discussions in Chapter Two was that documentation of the 
KE process was often neglected, especially when experts developed their own expert 
system. The importance of documentation was outlined and emphasised and is seen 
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here as an activity which needs to be supported in any KE approach. Systems thinking 
and practice relies heavily upon"modelling techniques and diagrammatic representations 
(see Tate and Jones, 1975; Waring, 1989), and it is suggested here that systems 
diagrams and models may provide a useful means of assisting documentation of both 
the process of KE and the wider aspects of expert system design. 
2.4 Subjectivity 
If we accept the expert/client relationship illustrated in Chapter Six (Figure 6.2), and the 
importance of the Weltanschauung (W), or "world-view", of those involved in the 
expert systems project, then it is important that the knowledge elicitor seeks to 
understand the problem situation from within. It' was suggested in Chapters Four and 
Five of this thesis that it is inadequate for the knowledge elicitor to adopt the stance of 
the objective observer since by accepting the argument that an important aspect of much 
human expertise is its subjectivity, it is vital that the elicitor learns about, and hopefully 
elicits, those subjective elements of expertise as well as the more formal, objective 
elements. Furthermore, KE is a difficult process that makes unnatural demands upon 
those concerned and so the process of KB itself and the presence of a knowledge elicitor 
is likely to effect the expert's performance and the way in which he practices or 
describes his expertise. An example here might be that of protocol analysis where an 
expert is asked to verbalise his thought process whilst undertaking a given task. Wright 
and Ayton (1987. p16), have suggested that the difficulty of trying to explain what he 
is 
doing at the time of doing it may effect both the information given and the way the task 
is undertaken. This situation should be taken into consideration when conducting 
KE 
and can be seen as a further deficiency of the knowledge elicitor adopting a 
'method of 
observation that seeks to provide an objective view. It is suggested, therefore, that the 
knowledge elicitor should select an approach to KE that is developed 
from within what 
has been referred to here as the "Interpretive" paradigm. By comparison'' with an 
"objective" approach, the adoption of an "Interpretive" approach places emphasis upon 
perceiving and understanding the everyday world as it relates to the wholeproblem 
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situation as well as to the specifics of the domain of expertise as a means, of 
appreciating the subjective world of human experience. An important factor in adopting 
this approach is the identification of the. "W"s of those involved in the domain under 
investigation which includes those. of the knowledge elicitor since he/she is part of the 
problem situation (Schwartz and Jacobs, 1979. pp6-7). It is argued, therefore, that a KB 
approach needs to be capable of addressing the subjective elements of human expertise 
by supporting and facilitating a means of subjective inquiry into the domain of expertise 
and the context within which it exists. 
2.5 A Framework for Subjective Inquiry 
In Chapter Six it was suggested that the process of learning about the domain of 
expertise and extracting knowledge could be usefully considered as an inquiring system. 
It was also argued in Chapter Two that a major problem with many current ICE 
techniques is that they impose, their own, structure upon the KE process thereby, 
potentially directing and prejudicing the knowledge that is elicited. For example, 
prototyping can be described as placing a rule-based format on the elicitation of the 
expert's knowledge. An alternative approach was noted to be that of placing little if no 
structure upon the KE session, such as with unstructured interviews (by default one of 
the most popular approaches to KE (Welbank, 1987a. p17; Hoffman, 1987. p55; West, 
24/5/90)), which results in a mass of detail that is difficult for the knowledge elicitor to 
organise and understand. A further problem, particularly with unstructured interviews 
but also with other KE techniques, is that knowledge elicitors who have little 
knowledge of the domain also have little knowledge of the questions that will reveal the 
most useful information. It is suggested here that what is required, therefore, is a 
framework for KE that enables a structured approach and yet is not so constraining or 
so important a part of the approach that it imposes itself upon the KE process. This 
requirement would seem to, advocate the benefits, of a fairly abstract, meta-level 
framework for inquiry that is flexible enough to be used regardless of the domain of 
expertise and which provides a set of guidelines for inquiry rather than a prescriptive 
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approach to KE. Furthermore, in Chapter Two it was noted that a" common approach to 
KE was to identify different "types" of knowledge within the domain and then select a 
KE approach from a "toolbox" of approaches that could best elicit that knowledge 
"type". It was argued that this trend had led to a somewhat piecemeal approach to KE 
that depended on the skill and preference of the knowledge elicitor. This situation, then, 
would seem io support the authors contention of the advantages of a domain-, or 
knowledge-, independent framework for KB. 
In order to help overcome the knowledge elicitor's frequent problem of not knowing 
what questions to ask the expert the framework advocated needs to be able to allow the 
knowledge elicitor to explore and learn about the domain so as to be able to ask further 
questions relevant to the development of an expert system in that domain, i. e. the 
framework needs to support the necessary techniques to help the knowledge elicitor to 
learn what questions to ask. The framework should also be applicable for use when 
seeking both general wide-ranging information and the level of detail necessary for 
developing the expert system knowledge-base. However, in Chapter Two it was noted 
that expert system technology can influence and constrain the KE process so it seems 
desirable for KE to be considered distinct from the process of knowledge 
representation, the process during which an expert's knowledge is converted into a 
format suitable for machine manipulation. 
2 .6 Summary of Key Elements 
The approach to KE advocated here results from the desire to overcome as many of the 
problems of KE identified in earlier chapters of this thesis as possible. It takes into 
account the following key elements: 
(i) An holistic view of the domain is sought which does not "focus in" 
on the problem prematurely but encourages the knowledge elicitor 
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and the expert to express, discuss and learn about the wider 
implications of decisions made within the domain of expertise. 
(ü) A process of making the boundaries of the problem situation, or 
domain, explicit and understanding the environment in which the 
proposed domain exists as a means of a) helping to select relevant 
expert/users, b) define the limits of the information to be elicited 
and c) consider the effects of the expert system when 
implemented. 
(iii) Concentration upon exploring the different "W"s of those people 
involved in the expert system development process (eg. experts 
and users), as a way of a) helping to make their biases, prejudices 
and assumption explicit, b) when using multiple experts 
understanding how their views differ, c) understanding how users' 
conceptions of the expert system may differ from those of the 
expert(s), knowledge elicitor and management and d) as a way of 
attempting to understand the personal, heuristic and subjective 
elements of expertise. 
(iv) Using diagranzrning and modelling techniques to a) help both 
those involved in the KE process to think and talk about what has 
been learnt from the process and b) to provide a means of 
documenting the KE process for further reference. 
(v) The idea of KE as a "interpretive" inquiring system which is 
capable of addressing both the factual and the subjective elements 
of human expertise. The approach needs to allow the knowledge 
elicitor to "walk in the shoes" of those involved in the KE process 
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and in so doing learn about the way in which they (experts and 
users) view their expertise or the problems they need to solve. 
(vi) The provision of a domain-independent framework for KE that 
provides a guideline and the necessary tools and techniques for 
successful KE but which does not impose its own structure upon 
the KE process. 
(vii) The importance of the K. E approach to encourage the knowledge 
elicitor to learn about, or gain an "appreciation", of the problem 
domain so as to be able to ask relevant questions. (The experts and 
users may also benefit from the opportunity to learn about the way 
in which they view their expertise or the problem situation. ) 
(viii) An attempt to alleviate the constraints of expert system technology 
and the potential it has to influence and impose itself on the KE 
process. Failing this an attempt can be made to render the 
influence of technology more manageable by making its influence 
explicit. 
I IMPLEMENTING THE KEY ELEMENTS AS A PRACTICAL SUBJECTIVE 
APPROACH TO KNOWLEDGE ELICITATION 
The above eight points represent a summary of the author's thinking about the problems 
of KE as described in the KE/expert system literature and their implications for the 
development of a KE methodology that attempts to alleviate these problems. Not all of 
the points, such as the emphasis upon the need to develop a means of addressing the 
subjective elements of expertise, are unique to this thesis: other researchers 
have 
reached similar conclusions as was explained in Chapter Five. However, it was argued 
that the work of those authors advocating a subjective approach to KE failed to translate 
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their ideas into a practical application that reflected their conceptual thinking. A reason 
for this situation was argued to be that the difficulty of developing a truly subjective KE 
approach had resulted in their observations and recommendations being operationalised 
in a manner that bore more resemblance to what has been referred to here as a 
functionalist approach, the ontological and epistemological foundations of which render 
it incapable of'. addressing the subjective aspects of expertise (eg. the work of Gaines 
and Shaw, Bell and Hardiman, Gregory and Pask). 
The rest of this chapter is concerned with the author's attempt to identify a practical way 
in which the key elements identified in section 3 above might be translated into a 
practical and useful approach to KE that alleviates some of the problems that have been 
identified to surround the process of KE. Some of the author's thoughts in this regard 
have already been indicated, such as the possible benefits for the knowledge elicitor of 
adopting a systems-based approach by means of viewing KE as an "appreciative" 
inquiring system and the importance assigned to such concepts as "boundary", 
"environment" and "Weltanschauung". What follows is a detailed description of the 
approach to KE that the author set out to investigate as a potential way of enabling the 
elicitation of the more heuristic and subjective elements of an expert's domain 
knowledge. The particular research method used to investigate these ideas, the reason 
for this choice of method and the manner in which the investigation was undertaken will 
be dealt with in Chapter Eight. 
It should be noted that the three phases referred to in the sub-headings of this section, 
Phases I, II, and III, relate to each planned meeting with the expert rather than to a 
particular division of task. Throughout this section, for the sake of simplicity, reference 
is made to "the expert". However, the same processes are seen as applying equally to 
"the user". Throughout the KE studies the author took the role of the knowledge elicitor 
and thus the terms author and knowledge elicitor are used interchangeably. 
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3.1 Phase I- Domain Analysis 
It was noted in Chapter Two that perhaps the most popular approach for the first stages 
of KE is the unstructured interview where the expert(s) is encouraged to chat about 
his/her expertise. This approach was described as being useful as a means of 
establishing rapport between expert and knowledge elicitor but that it tended to result in 
a mass of unstructured detail as the expert showed how much s/he knew about the 
domain (Welbank, 1987a. p14). It seemed, therefore, that the first stage of KE needed to 
limit the information to a) what could be reasonably handled and understood by the 
knowledge elicitor and b) a fairly low-level of detail but which covered the whole 
domain of expertise rather than concentrated upon one particular aspect (eg. the area the 
expert finds most interesting). The danger of the knowledge elicitor being able to 
influence the outcome of the session by asking leading questions (eg. questions that 
anticipate answers that fit the knowledge-base technology), also needed to be taken into 
consideration and seemed to argue for some approach in which the elicitor took little 
part. However, it seemed unrealistic to expect the expert to have a "ready-made" 
representation of his expertise and so what appeared to be required was some kind of 
framework which was not technology-based and was abstract enough so as not to 
impose its own structure upon the KE process. A final consideration at this point is that 
the technique should not take too long to complete nor should it be too difficult or 
exhausting for the expert since goodwill and' interest in the process is seen as an 
important factor in establishing rapport between expert and knowledge elicitor and 
motivating the expert's further participation in the project. 
The author's previous experience of a technique using the Venn diagram convention, 
known as a "systems map" (Waring, 1989. pp2l-24), seemed to offer a potentially 
useful elicitation tool at this early stage of the process. The Venn diagram, or "map" as 
the author refers to it, allows elements (y) relevant to a central subject (x) to be recorded 
in a pictorial fashion as illustrated in Fiore 7.1. Environmental influences can be 
shown as tertiary layer "bubbles" (z). 
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Eiaare 7.1 The map 
The author felt that apart from offering a quick and simple method of representing the 
main elements believed to be relevant to a particular problem situation, the task would 
allow the expert to work on this representation alone without interference from the 
knowledge elicitor since there are no "rules" to the process other than the constraint of 
the form of the map itself. It seemed that the pictorial aspect of the method may also be 
useful for documentation purposes. By making the activity named in the central 
"bubble" as wide-ranging and as little detailed as possible the author felt that this would 
prevent the expert from focusing in on any particular problem, encouraging instead a 
means of exploring the wider issues of the problem domain. 
By the end of this first session it was expected that the map would offer a full, but 
relatively low-level, view of the expert's thoughts about the problem defined in the 
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central "bubble". The elements described in the map could then be explored further 
through discussion if this was felt to be beneficial. 
The aims of the map as a means of beginning the elicitation process are summarised 
below: 
(i) to avoid focusing on any particular aspect of the problem 
situation too soon (ie. getting "bogged down" in detail), and 
instead encouraging a wide view of the problem domain 
(ii) to allow the expert to express his views without interference from 
the knowledge elicitor 
(iii) to support the expert by offering a framework that allows him to 
express and represent his views without imposing this framework 
on his thought processes 
(iv) to avoid, as far as is practically possible, the technological 
considerations of the expert system knowledge-base influencing 
the KE process 
(v) to provide a task which is quick and simple so as to a) reduce the 
expert's potential concern at facing a difficult process and 
b) to 
help establish rapport between expert and knowledge elicitor 
ready for further meetings 
(vi) to enable the elicitor to break the problem domrin into "sub- 
systems" for further discussion and investigation. 
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3.2 Phase II - Element Specification and Modellinz 
Discussion of the map drawn' by the expert at Phase I is likely to have revealed 
additional information which might be used to direct the next phase of elicitation. For 
example, the expert may have indicated which elements he felt to be most important or 
problematic. The aim of the second phase of the elicitation is to explore this information 
further. KE techniques currently used after the initial elicitation session, such as 
laddered grids, prototyping and the induction method of elicitation, were all noted in 
Chapter Two to incorporate strong biases in their methods, mainly the bias that comes 
about through allowing technological considerations to influence the technique used. 
Consequently, the same constraints upon elicitation at the second phase exist as for 
phase I, the most prominent being the desire to avoid a) placing too strict a framework 
on the process, b) allowing technological considerations to bias or influence the 
knowledge elicited and c) allowing the knowledge elicitor from imposing his own 
assumptions on the expert's explanations. As in Phase I, the approach used needs to be 
able to explore the full width of the identified element in order to help the knowledge 
elicitor's understanding of the problem situation and to avoid focusing on any one 
particular aspect to the exclusion of others. 
In order to explore the relevant elements identified by the expert it appears that what is 
needed is some way of finding out about the structure and relationships between the 
processes involved in each element. In so doing, it is deemed to be important to try and 
make explicit the expert's personal feelings, definitions and assumption about these 
processes and relationships since they represent the expert's experience of practising 
his 
expertise. It has been argued in this thesis that this aspect of KE is of particular 
importance since the aim of this work has been to try and develop a way of approaching 
the difficult task of eliciting the more subjective, heuristic, dynamic and personal 
elements of expertise which have been argued to be largely achieved through 
experience of working within the domain. 
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The concentration upon the benefit of exploring the expert's "W" concerning the 
elements identified to be relevant to the problem domain is of paramount importance to 
the author's advocation of a particular stage of Soft Systems Methodology (SSM) as 
being of potential use in helping the knowledge elicitor to specify the area he has noted 
as being worthy of further investigation. (In Chapter Three SSM was illustrated to be a 
problem-solving approach that shares concepts with the phenomenological/hermeneutic 
tradition in sociology (Checkland, 1981. pp273-285). ) The stage of SSM in question is 
that of the development of Root Definitions (RD) from a relevant system (ibid. pp166- 
169). The purpose of the process of RD development in SSM is to provide a detailed 
definition of a notional system of interest that is deemed to be relevant to the problem 
situation under. investigation. The process is a difficult one since it entails the author of 
the RD defining the process involved in the selected system as specifically and exactly 
as possible (ibid. pp166-7). 
It seemed to the author that, as a representation of some activity relevant to the problem 
domain, each element of the expert's map, could be viewed as a "system" and, therefore, 
be described explicitly as in the process of developing RDs in SSM. However, the 
difficulty of developing RDs persuaded the author of the impracticality of asking the 
expert to undertake this task. Instead, an alternative method was sought. A means of 
testing the "completeness" of a RD has been developed by Smyth and Checkland 
(1976), who from experience of using SSM felt that certain components of a RD are 
logically required to be present if the RD is to be "well-formed". The result of their 
research is the six-point check-list. for RD construction which is represented by the 
mnemonic CATWOE. The elements of CATWOE are as follows: 
C- customers or beneficiaries (of the notional system) 
A- actors (in the notional system) 
T- transformation (brought about by the notional system) 
W- "Weltanschauung" (behind the notional system) 
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O- owners (of the notional system) 
E- environment (of the notional system) 
It seemed to the author that if the presence of these elements represented a "well- 
formed" RD, the' information acquired from the experts as they underwent the process 
of recognising"and identifying them in the activities they named in the map could then 
be taken up and used by the knowledge elicitor to construct a relevant RD. Discussing 
the practical use of CATWOE during many soft systems studies Checkland says it has 
helped "to convince me that it is worth using the CATWOE elements as a base for the 
formulation of root definitions" (1981. p227). It was felt that questions derived from the 
CATWOE`" elements of SSM cöi. ld be used to discuss and identify the different 
components of each set of activities defined in the expert's map. In this way the burden 
placed on the busy expert might be lessoned whilst at the same time providing the 
means of eliciting more specific information about the different activities in the map so 
as to build up a picture of the situation perceived to exist by the expert. Although it is 
always possible that the knowledge elicitor will bring his/her own biases, prejudices and 
assumptions to the process of RD construction, the aim of the proposed KE approach to 
this point is that it allows the elicitor to learn about and appreciate the expert's view of 
the domain. It was felt that questions derived from the CATWOE elements could be of 
sufficient abstraction and generality to avoid the problem mentioned earlier, namely, 
that of imposing the structure of the technique upon the KE session. In comparison to 
other KE techniques, the aim of using the questions derived from CATWOE proposed 
here is to attempt to provide the means of identify the expert's understanding of the 
whole of each of the different systems of interest defined by the expert in the map. It 
was felt that this approach could benefit the knowledge elicitor and the process of KE in 
that whilst allowing more specific and detailed information to be gathered it still 
maintained an adherence to the notion of wholeness and encouraged in the knowledge 
elicitor an understanding of the problem situation as perceived by the expert. 
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The second part of this phase of elicitation is that of convening the detailed definition 
of the system of interest into a format that can be returned to the expert for comment 
and used as a means of enabling further discussion about the "system" identified. An 
appropriate solution to this problem seems to be to use stage 4 of SSM (ibid. pp169- 
177), whereby the RD is converted into a "Conceptual Model" (CM). The term 
"conceptual" is : of utmost importance here since it stresses the fact that the model is not 
a model of what is in the real world but is purely a model, using verbs of the English 
language, of what logically needs to take place if the process, or transformation, named 
in the RD is to be carried out. The CM can be developed at different levels of resolution 
depending. upon the modellers requirements and so, the use of the questions derived 
from CATWOE to "generate a RD and the development of a CM from this RD seems to 
offer a potential means of exploring the original element of interest, identified by the 
expert in the map, at a considerable level of detail. The process of developing a CM 
from a RD is difficult, time-consuming and requires practice and so was thought to be 
an inappropriate task for the expert to be asked to undertake. It was felt, however, that 
this process could be undertaken by the knowledge elicitor who had some experience of 
this process. 
The aims of using stages 3 and 4 of SSM to help specify the elements of the map 
produced by the expert at Phase I of the elicitation process are summarised below: 
(i) to enable the elicitation process to focus upon the activities 
identified in the map and thereby encourage the knowledge elicitor 
to acquire as full an understanding of these activities as possible 
(ii) to provide a means of structuring the activities of each element of 
the map so that their relationships to each other can be 
inspected 
(and potentially the relationships between different elements of the 
map) 
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(iii) ' to achieve (i) and (ii) above in such a way that the potential 
influence of expert system technology on the process of KE is 
alleviated as far as is practically possible 
(iv) to make explicit the "W" of the expert in an attempt to understand 
the foundations of his thoughts about the domain 
(v) to provide a framework for inquiry that does not impose itself upon 
the KE process but at the same time offers guidance and practical 
support for KE f 
NO to provide a means of investigating the more subjective elements 
of human expertise. 
33 Phase III - An Exploration of the Expert's Understanding of the Domain and 
Extraction of the Expert's View 
One of the key elements identified earlier in this chapter referred to the way in which 
the KE approach should facilitate the asking of questions as a result of its application 
rather than offer a 'set of pre-defined questions based upon an underlying assumption 
about the nature of the domain of expertise. The latter point was criticised earlier and 
argued to be prevalent in cases where the KE techniques were developed from a 
functionalist perspective of the social world (discussed in Chapters Four and Five). As a 
result of this criticism functionalism was proposed as an inappropriate basis for a KE 
approach that sought to elicit the essentially subjective elements of expertise. As 
discussed above, 'a situation where the knowledge elicitor influences the KE process as 
a result of his own assumptions, prejudices and biases is also undesirable. It seemed to 
the author that a possible way of circumnavigating this problem was to allow the 
expert's own expertise, that had been elicited during the previous two phases of KE, to 
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lead the questioning. Although in Phase II of the proposed approach the elicitor was 
responsible for the construction of the RD from which the CM was developed, this 
construction was based upon the expert's answers to the questions derived from the 
CATWOE elements. This interpretation on the part of the knowledge elicitor can be 
seen as an important part of the learning process for the knowledge elicitor which is 
dependent upon feedback from the experts about this interpretation. The CM as a logical 
model of the activities described in the RD, therefore, represents the expert's thoughts 
and the elicitor's understanding of what the expert has revealed about the domain which 
have been developed and modified throughout the three phases of KE. 
As a means of allowing the expert's own revelations about the subjective area and the 
increasing understanding of the knowledge elicitor to contribute to the elicitation of 
further detail it is suggested that the different activities defined in the CM can be used 
as an agenda for discussion between the expert and knowledge elicitor. Some questions 
are likely to be necessary to start off the discussion but these could be of a relatively 
context-free nature, such as questions asking whether the expert recognised an activity 
and whether it existed in the "real" world of him practicing his expertise, and if so, 
how? or if not, why not? In this way, it is suggested, the CM may provide a valuable 
starting point for discussion which would now be at a much higher level of detail than 
in the previous two phases and, therefore, at a more appropriate level of detail for the 
purposes of developing the expert systems. knowledge-base. This use of the CM as a 
vehicle for discussion, or as "a base for ordered questioning in the problem situation", is 
described by Checkland as one possible way of conducting stage 5 of SSM (Checkland, 
1981. p178). The problem of recording information at this stage might be overcome 
by 
the production of a chart relating each activity of the CM to the information elicited 
from the expert (see Figure 9.11) and by the recording of the session and consequent 
production of transcripts from this recording. 
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4. KEY ELEMENTS AS A PRACTICAL APPROACH TO KE 
In section 2 above, key elements of a KE methodology which might help to alleviate 
some of the problems recognised in the literature to be associated with KE were offered. 
In section 3, a practical way of operationalising these key elements was presented. 
Table 7.1 summarises how the practical approach discussed above can be seen to fulfil 
the requirements of the key elements of a KE approach outlined in section 2 of this 
chapter 
Key Element Praxis 
Holistic view of domain of Phase I- map of the perceived problem 
expertise situation 
Phase II - exploration of all elements of the 
system portrayed in the map 
Phase III -CM of the system of interest 
Boundary Phase I- "bubbles" of map define boundaries 
Phase II - questions derived from CATWOE - defined boundary through the 
"transformation" 
Phase III -CM as a system provides system boundary 
Environment Phase I- 2nd level bubbles 
Phase II - environment made explicit in 
questions derived from CATWOE 
Phase III -inputs and outputs of CM indicate 
environmental elements 
Weltanschauung Phase I- map produced solely by expert; no 
interference from knowledge elicitor 
Phase II - "W" made explicit in questions 
derived from CATWOE 
Phase III -encapsulated within the activities of 
the CM and discussed with reference 
to agenda 
Table 7.1 con't... 
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Documentation Phase I map as representation of expert's 
thoughts 
Phase U- answers to CATWOE questions and 
the production of RDs (a model with 
language as the modelling medium) 
Phase III -CM and agenda for discussion 
Interpretive inquiry Phase I- emphasis placed upon the expert's 
perception of his expertise 
Phase U} use of an approach rooted in 
Phase III } phenomenology/hermeneutics to 
structure an investigation into the way 
that the expert views his own 
knowledge; discussion and 
questioning of the knowledge elicitor's 
understanding of the domain 
Domain-independent framework Phase I} none of the three phases have any 
Phase II } affiliation to a particular domain of 
Phase III) expertise although they are developed 
specifically as a means of eliciting 
subjective, heuristic knowledge 
Process to encourage learning Phase I-a means by which an expert can 
and "appreciation" quickly represent key elements 
of his knowledge so the elicitor can 
begin to develop an idea of the 
domain, eg. jargon 
Phase U- abstract questions derived from 
(CATWOE), encourage expert to 
think about his expertise in a particular 
way. Development of RD from 
answers to CATWOE questions and 
development of CM from RD offer a 
valuable learning process for the 
knowledge elicitor 
Phase III -comparison of CM with expert's view 
of the domain offers further potential 
for learning about the problem domain 
for both expert and elicitor 
Avoiding technological Phase I} none of the three phases are led or 
influences influenced by technological 
Phase II ) considerations 
Phase III) 
Table 7.1 Proposed key elements of a subjective approach to KE and their practical 
Pp rationaLsation 
In the following chapter, Chapter Eight, the means of investigating the ideas put 
forward in this chapter will be considered and the argument put forward that the process 
of action research is an appropriate means of researching the use of these ideas and 
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learning about them and the problems of KE from their application in a real-world 
situation. 
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CHAPTER EIGHT 
A RESEARCH FRAMEWORK FOR 
KNOWLEDGE ELICITATION - THEORY AND PRACTICE 
"When reason fails us, we make use of experience,... which is a feebler 
and less worthy means. But truth is so great a thing that we ought not to despise any medium that will conduct us to it" 
(Montaigne: On Experience, Essais III, Ch. 13) 
I. INTRODUCTION 
In Chapter Seven, some key elements of a subjective approach to KE were offered as a 
result of an analysis of the problems surrounding KE as discussed in the KE/Expert 
Systems literature. The author then presented her ideas concerning the way in which 
these key elements could be operationalised in a practical approach to KE. The purpose 
of this chapter is, first of all, to explain why action research was selected as the most 
appropriate means of conducting an investigation' into the practical application of the' 
ideas about KE presented in the previous chapter. The discussion of action research will' 
not, therefore, involve extensive argument to justify the adoption of this approach but 
will offer a review of the reasons for selecting action research rather than the more 
conventional "scientific method". Finally, the chapter includes a brief description of the 
background to the three KE studies undertaken during the research which are discussed 
in greater detail in Chapters Nine and Ten. 
1.2 Aim of the Research 
It is important to emphasise that the ideas about KE put forward in the previous chapter 
were not presented as a "KE methodology" per se. Instead, the ideas represent a 
potentially useful approach to KE, the theoretical underpining of which seem to offer a 
way of addressing some of the problems of KE that have been identified earlier in this 
thesis. Consequently, it was not the author's intention to "test" the effectiveness of these 
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ideas about KE but to explore their potential as key elements of a subjective KE 
methodology. For this reason the aims of the practical phase of this research were: 
(i) to increase the body of knowledge about the practical 
problems of KE 
(ii) to learn about the results and implications of the practical 
application of the author's ideas concerning KE through their 
practice in a "real-world" situation, and, 
(iii) through these two learning processes to reconsider the key 
elements proposed in Chapter Seven as a means of satisfying a 
subjective approach to KE. 
In order to achieve these aims the ideas about KE put forward in the previous chapter 
needed to be applied in a "real-world" situation. The nature of this exercise, in which 
the focus of attention during the research was placed upon individual human actors and 
their "expertise", meant that particular care was needed to select an appropriate method 
of research. The qualitative dimension of expertise has been argued throughout this 
thesis as being unsuited to the "scientific" method of research. Therefore, in order to 
explore the ideas put forward in the previous chapter a method of research more 
appropriate to understanding based upon the premise of "subjectivity" needed to be 
considered. A discussion of action research, which, is proposed as a method for 
conducting research appropriate to achieving such a "subjective" understanding, is 
preceded by a brief review of the essence of the "scientific method" of research. The 
purpose of this section is to provide a reminder of the kind of criticism that some 
researchers have made with regard to "traditional" positivist empiricism, or "scientific 
method", when used for social inquiry. 
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2. THE POSITIVIST EMPIRICIST PERSPECTIVE 
Maturana offers a useful summary of positivist empiricism which he describes as being 
concerned with the following main points: 
"(a) observation of a phenomenon that, henceforth, is taken as a problem 
to be explained; (b) proposition of an explanatory hypothesis in the form 
of a deterministic system that can generate a phenomenon isomorphic 
with the one observed; (c) proposition of a computed state or process in 
the system specified by the hypothesis as a predicted phenomenon to be 
observed; and (d) observation of the predicted phenomenon" (1978. 
p28). 
A notion central to positivist empiricism, is that situations are set up and an attempt is 
made to objectively observe the manipulation of variables by value-neutral techniques. 
This philosophy of reason has been questioned by some since, they argue, such an 
approach does not easily translate to all aspects of inquiry within the social sciences (eg. 
Lewin, 1943; Weber, 1949,1964; Emery and Trist, 1965; Berger and Luckmann, 1966; 
Checkland, 1981; Reason and Rowan, 1981; Lincoln and Guba, 1984; Winograd and 
Flores, 1986; Checkland and Scholes, 1990). The following discussion reviews those 
areas in the practice of positivist science identified by such researchers as being 
inappropriate when transferred to particular aspects of social science. 
2 
.1 The Roles of the "Observer" and the "Observed" and the 
Notion of "Reality" 
As illustrated in . Maturana's summary quoted above, fundamental to positivist 
empiricism is the observation of experiments that have been specifically designed to 
test a given hypothesis. This approach incorporates the notion of the "observer" as one 
who is outside the influence of the experiment and who can control and manipulate 
variables in the situation being tested so as to be able to define general laws that explain 
the situation being tested and the overall results of the experiment. This presupposes, 
first of all, that the "observer" is neutral and can, therefore, objectively analyse and 
manipulate the experiment without himself influencing the behaviour of the experiment 
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taking place. This stance is consistent with the positivist belief that "there is one reality 
and one true knowledge which corresponds to it" (Oquist, 1978. p146). Such a belief 
results in the view that any activity, whether human or otherwise, can only be validated 
by objective, controlled observation of data, an approach which is adopted in the natural 
sciences but, as outlined above, has been argued to be inappropriate when transferred to 
some areas of the social sciences. However, in contrast, the view of social reality 
adopted in this thesis is nominalist in that "reality" is argued to be a product of an 
individual's consciousness (see Chapter Five). In a practical sense, therefore, the 
inquirer's intervention into the social setting cannot be ignored since it is most likely to 
effect the behaviour of those actors under investigation and hence the emphasis placed 
upon the need for the researcher to be recognised as a participant in the action rather 
than an outside observer (Blum, 1955; Wa mington, 1980). An alternative approach to 
this problem is for the researcher to recognise and address the problem of his/her own 
potential for disturbing the "system" being investigated and influencing its behaviour. 
Secondly, a positivist approach suggests that the "object" of the experiment behaves in 
such a way that it can be generally predicted and experiments designed so as to enable 
consistent and repeatable results to be achieved. The difficulty of applying such an 
approach to the social sciences has generated an alternative view, namely that (i) social 
systems are non-deterministic and may be more accurately viewed as "purposeful 
systems": human actors, therefore, should not be viewed as "objects" of inquiry but as 
being capable of making independent decisions and taking relevant action, (ii) the 
process of conducting research in social situations involves not only the intervention 
into the problem situation but also the interpretation of the situation and the results of 
the research by the researcher and (iii) the research may cause those involved to act 
differently to their normal behaviour (eg. Mayo, 1949). 
These contentions regarding research involving human actors can be seen to be 
reflected in discussions earlier in this thesis (Chapter Six), in relation to Vickers' notion 
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of "appreciation" which, it was suggested, emphasises the importance of the individual's 
or group's (whether observer or observed), interpretation of reality and the assignment 
of value to that reality. 
2.2 The Role of History 
It has been argued that positivist empiricism pays little, if no, regard to history as a 
catalyst to decision-making and action (Susman and Evered, 1978. p586). For example, 
it tends to assume conformity across social systems. This stance can be contrasted with 
that of Vickers in whose work the concept of "history" (in terms of both events and 
ideas), is central to the notion of "appreciation". For example, Vickers argues that it is 
through the interaction with the continuous interacting flux of events and ideas that 
actors develop their judgements of reality and value, which in turn enable decisions 
about appropriate action (Vickers, 1965. pp100-101). If we accept Vickers' argument, 
then it is fundamental that (i) the organisational researcher views each business 
organisation as a product of its own particular history and, therefore, consider each 
business organisation afresh and (ii) that the method of research adopted takes this view 
into consideration. 
2.3 Value-neutrality of Methods 
Related to the notion of objective observation and designed experiment is the idea of the 
value-neutrality of methods used to conduct the research (eg. questionnaires, surveys, 
personality tests). However, the choice of methods used can be argued to have a direct 
influence upon the outcome of the investigation. For example, a point made by 
Haberrnas (1971), and summarised by Susman and Evered, explains that "knowledge 
and human interests are interwoven, as reflected in the choice of methods and the ends 
towards which such methods are put" (1978. p585). This is an issue which is discussed 
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by Mumford and MacDonald in relation to the development of expert systems (1989). 
They wam that: 
"It has to be recognised that methods are useful tools that help the 
systems designer to systematically tackle difficult problems, but they are 
not neutral. They embody particular visions of the world and incorporate 
the values of their creators" (p13). 
A further problem is highlighted by Susman and Evered (p585), who explain that in an 
attempt to preserve neutrality and conduct a controlled experiment the positivist 
researcher may be tempted to use methods "based upon deception and manipulation", 
which it can be argued, aside from the ethical issues involved (eg. Checkland, 1981. 
p39; Punch, 1986. pp35-44), can distort the results obtained during-the process of 
research. 
The position concerning the non-neutrality of methods and techniques used in the 
acquisition of knowledge per se is not only relevant to the subject of the research 
reported here (ie. knowledge elicitation) but also to the way in which the ideas proposed 
within this research can be investigated. For example, it seems logical and desirable to 
establish a method, of research which is consistent with and sympathetic to the 
theoretical foundations of the ideas developed during this research. Failure to do this 
would result in the application of the ideas developed during the research and in the 
monitoring of the use of these ideas using criteria previously argued to be inappropriate 
to this particular kind of inquiry. 
2.4 The Formulation and Testing of Hypotheses and the Notion of Repeatability. 
Central to positivist empiricism is the formulation and refutation of hypotheses as a 
means of furthering scientific knowledge (eg. Popper, 1959; Plutchik, 1974. ppl80-181; 
Schwartz and Jacobs, 1979. pp3-4; Checkland, 1981. pp50-58). Related to the idea of 
testing hypotheses is the notion of repeatability as it is only by the repetition of an 
experiment and the observation of identical results that "scientific knowledge". or 
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"truth", can be established (Checkland, 1981. p53). Closely associated with the notion 
of repeatability is that of measurement since measurement allows values from, 
experiments to be recorded and repeated more easily than if using qualitative findings. 
A result of this situation is described by Checkland when he explains that "Hence the 
potentially most powerful scientific facts are those expressed as the quantitative results 
of experiment". (ibid. pp54-5). If we consider this situation with regard to inquiry into 
social systems, it presupposes that, firstly, all human actors behave in identical fashion 
in the same circumstances and, secondly, that all aspects of human action can be 
accurately and sufficiently measured quantitatively. 
With regard to the positivist view of repeatability of an experiment some social science 
researchers have suggested that the human facility for consciousness and the ability to 
act capriciously makes it difficult to replicate the same situation twice in research 
involving human actors as may be achieved in, say, a chemical, or biological experiment 
(Checkland, 1989. pp38-39). Likewise, the inability to quantify human action in all its 
possible combinations has, persuaded some researchers that measurement of human 
action needs to include qualitative as. well as quantitative measurements (eg. Lewin, 
1948; Weber, 1964; Blumer, 1966; Garfinkel, 1968; Schutz, 1971; Schwartz and 
Jacobs, 1979; Reason and Rowan, 1981; Lincoln and Guba,. 1984; Gill, 1986; 
Cooperrider and Srivastva, 1987; Stevens, 1990). 
2.5 Language and Models 
An aspect of positivist empiricism which is deemed inappropriate by Susman and 
Evered when translated to some areas of social science is that "a system is defined only 
to the extent that a denotative language exists to describe it" (1978. p586). However, as 
Popper explains, "all languages are impregnated with themes and myths" that are a 
result of the individual's, experience and so contribute to our inability to describe 
phenomena consistently" (1983, p146). The tendency to rely, on models to illustrate 
what is frequently leads to the use of these models to structure an inquiry which results 
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in the acquisition of knowledge relevant to the model and not necessarily to the problem 
situation. A practical example of the problems of imposing functionalist models on the 
subject of inquiry was given in Chapter Four of this thesis where both explicit and 
implicit models of expertise were identified as underlying particular approaches to KE. 
Such models were argued to be inappropriate to certain aspects of KE in that they left 
the more subjective elements of expertise (generally recognised by the authors of the 
different KE approaches) unaddressed. A result of this situation is the potential danger 
that the use of such functionalist models leaves much unknown since their use 
concentrates upon the identification of activities that relate directly to the model used 
and to the "reality" that they are supposed to represent. 
2,6 Positivist Science as a Product of the Human Mind 
A final aspect of positivist science to be emphasised here relates to the problem of 
failing to recognise that positivist science "is itself a product of the human mind" 
(Susman and Evered, 1978. p586). This is a point which is also emphasised by Popper 
who has argued that all knowledge and learning and the method of science "consists of 
the modification (possibly the rejection) of some form of knowledge or disposition, 
which was there previously" (1983. p71). The significance of this statement lies in the 
fact that scientifically proven knowledge 'generally develops 'from within its own 
framework of knowledge, reinforcing its own theoretical foundations and methods. For 
example, Kuhn (1962), putting forward a point similar to that of Popper's, describes the 
way in which formulation of hypotheses to be refuted in scientific research are 
consistent with current accepted knowledge which makes particular investigations 
meaningful. He describes the body of acceptable knowledge that influences scientific 
research as a "paradigm" which from time to time undergoes shifts that influence the 
choice of hypotheses and the direction of useful research. In a practical sense, positivist 
empiricism seems to have become the de facto standard for research as a result of what 
Winograd and Flores (1986. p16) refer to as the "prestige and success of modem 
science" and the "deep-seated pre-understanding" of what science is. 
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3. ACTION RESEARCH AS A FRAMEWORK FOR SOCIAL INQUIRY 
The scientific method has been widely adopted in research involving human actors 
including the fields of psychology, cognitive science, management science and 
computer science. Whilst the philosophy of positivism proposes that "all true 
knowledge is based upon empirical data" (Checkland, 1989. p39), there is a body of 
researchers, following the Weberian tradition in social science, that concentrate upon 
the understanding of social action based upon the actors' subjective understanding of 
everyday happenings, rather than upon empirical data., Researchers aligned with this 
strand of thinking have highlighted the limitations that positivism places upon inquiry in 
the social sciences (eg. -Berger and 
Luckmann, 1966; Garfinkel, 1967; Schutz, 1971; 
Habermas, 1972; Giddens, 1976; Checkland, 1981; Lincoln and Guba, 1984; Silverman, 
1985). In questioning the appropriateness of "scientific method" for all areas of social 
inquiry some researchers have sought an alternative framework for research which is 
more suited to the "Interpretive" character assigned by such researchers to areas of 
social science. A framework for research resulting from this concern has become known 
as "action research". 
Action research can be seen to have two main roots, namely, "the work of Lewin at the 
University of Michigan, USA, and of a group of researchers from the Tavistock 
Institute of Human Relations in Britain. The term "action research" is credited to Kurt 
Lewin who, in 1946, described what he called the process of "rational social 
management" which "proceeds in a spiral of steps each of which is composed of a circle 
of planning, action, and fact-finding about the result of the action" (Lewin, 1948. p206). 
This iterative activity was offered as a practical means of carrying out the two main 
concerns of the action researcher as described by Rapoport (1970. p499): 
"Action research aims to contribute both to the practical concerns of 
people in an immediate problematic situation and to the goals of social 
science by joint collaboration within a mutually acceptable framework ". 
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Although the work of Lewin and his followers and that of the Tavistock Institute was in 
parallel, the influences were different. Rapoport suggests that the work of Lewin was 
"more academic in orientation" and had close links with experimental psychology 
(1970. p501), whereas he characterises the main theme of the Tavistock Institute as the 
practical need "to get collaboration from members of an organisation while attempting 
to help them solve their own problems" (ibid. p500). Disciplines of particular influence 
to the Tavistock group were those of psychology, social anthropology, psychoanalysis, 
social psychiatry and Open Systems Theory. In spite of the different starting points of 
Lewin and the. Tavistock Institute they shared an interest in providing the means of (i) 
furthering the body of knowledge about social decision-making and action and (ü) 
enabling social science to play a role in the solving of important social problems (Clark, 
1980). 
Of the various individual definitions of action research which are available in the 
literature (eg. Rapoport, 1970; Clark, 1972; Peters and Robinson, 1984; Hult and 
Lennung, 1980; Wilson, 1984), the one -chosen as a means of illustrating the approach 
here is that of Susman and Evered. Their description is adopted because of their attempt 
to offer a clear definition and discussion of what they consider to be the five basis 
elements of action research, namely: diagnosing, action planning, action taking, 
evaluating and specifying learning (Susman and Evered, 1978. p588). Furthermore, they 
offer a pictorial' representation of this cyclic process, illustrated in Fig. 8.1, which is 
useful to help emphasise the iterative process of action research. 
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Fig. 8.1 Action Research as a Cyclic Process (Source: Susman and Evered. 1978) 
The process of action research can be described- as a method by which knowledge about 
a particular situation is acquired by an individual or group through the process of 
interacting with that situation. This knowledge is then used, with the client, to develop 
strategies for problem-solving relevant to that particular problem situation. The result of 
the problem-solving exercise is then used to help the process of re-thinking about the 
problem situation itself and the way in which the problem-solving was carried out. The 
cyclic nature of the approach, which can be seen to have parallels with the notion of the 
hermeneutic cycle (Dilthey, 1961), is of prime importance in that it allows for continual 
learning and, consequently, represents a major difference to positivist methods of 
research. This difference is explained by Oquist who illustrates a fundamental concept 
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of action research when he explains that in this approach the aim of the production of 
knowledge is: 
"to guide practice, with the modification of a given reality occurring as 
part of the research process itself. Within action research, knowledge is 
produced and reality modified simultaneously; each occurring due to the 
other" (1978. p145). 
4. ACTION RESEARCH AS A MEANS OF ADDRESSING SOME PROBLEMS OF 
EMPIRICISM FOR SOCIAL IiNOITIRY 
It is difficult to give an unequivocal definition of action research since as Peters and 
Robinson explain, different commentators place different emphasis upon various 
concepts and merits of the approach (1984. pp120-124). However, elements viewed to 
be central to the research reported here are (i) "reality" as a social construct, (ii) the 
cyclic process of theory and practice, (iii) the collaborative learning process that is 
brought about by the approach, (iv) the treatment of human actors as "purposeful 
systems" rather than "deterministic systems" and (v) the recognition of the importance 
placed on the more subjective elements of inquiry such as experience, intuition and 
hunches. These different aspects are discussed in more detail below. 
4.1 "Reality" as a Social Construct 
An underlying concept of action research is the view of "reality" as being socially 
constructed (eg. Mead, 1934; Berger and Luclanann, 1966; Silverman, 1970. p139), as 
opposed to the positivist's assumption of one external reality (eg. Burrell and Morgan, 
1979. pp4-5; Oquist, 1978. p146). This concept can be related back to the earlier 
discussion, in Chapter Five, of the different ontological and epistemological 
foundations 
of Functionalist and Interpretive views of "reality". What Burrell and Morgan describe 
as the nominalist and anti-positivist views of Interpretive sociology can be seen to 
characterise the views of the action researcher who is concerned with the recognition of 
the real world as it is at the level of subjective experience. 
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4.2 The Theory/Practice Cycle 
A notion central to action research is that of the theory/practice cycle as a means of 
learning about a situation and acting collaboratively upon this learning in order to solve 
problems. This iterative process can be seen as offering' several correctives to the 
practice of positivist empiricism described in section 3 above. First, is the idea of 
collaborative investigation whereby the inquirer and those involved in the problem 
situation work together to understand the problem situation and then decide how to act 
to solve it (Gilmore et al. 1986. p162). This stance is an attempt to address the criticism 
aimed' at empirical research whereby the inquirer takes the role of the impartial and 
objective "observer" of the problem situatiorr (ibid. ). In action research the process of 
intervention and its influence upon the problem situation brought about by (i) the 
presence of the inquirer and (ii) the aims of inquiry itself, is recognised and taken into 
account in the research method. Susman and Evered add that this situation encourages 
the inquirer to also "clarify and represent his own ethics and values so that they, along 
with those of the client system, can serve as guidelines against which to assess jointly 
planned actions" (1978. p589). This point is of importance to the research reported in 
this thesis since, as discussed above, the role of the knowledge elicitor and the purpose 
of KE makes the intervention into the practice of expertise explicit. Consequently, the 
aim of the practical phase of this research, reported in Chapters Nine and Ten, is to 
learn about the effects of the knowledge elicitors intervention into the domain of 
expertise and about the approach to KE adopted. 
The theory/practice cycle of action research also serves to place greater emphasis upon 
the tools and techniques that are used in a problem situation in that the results of their 
use are carefully considered by those using them. This attention is particularly 
appropriate to the research reported here since it is the use and development of a 
specific approach to KE and associated tools that is being investigated. 
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4.3 Collaborative Learning 
A point which relates to the theory/practice basis of action research is the emphasis that 
is placed upon learning and the way that this is brought about through the 
theory/practice cycle. Oquist explains the relationship between practice and theory 
when he describes the position of dialectical materialism on this point: 
"Action by itself is not of value without the consciousness which allows 
humans to purposely interact with their physical and social environment. 
Action without thought is meaningless... theory and practice are 
dialectically related in that they conform a unity of opposites. One 
necessarily implies the other" (1975. p158). 
For the action researcher, then, the purpose of theory is to promote meaningful and 
appropriate action (or practice of that theory), the results of which add to the theoretical 
knowledge about social theory and to the knowledge about the given situation which 
will help indicate the action to be taken. It is this approach that is advocated by the 
author at the beginning of the chapter. it is the practice of the author's ideas about KE in 
a business organisation that is seen to provide the means of learning about both KE as a 
problem domain and the use of the ideas on a subjective approach to KE advocated in 
Chapter Seven. It is the author's intention to emphasise the "learning" activity that the 
practical phase of the research offers as a means of investigating key elements of a 
subjective KE methodology. 
4.4 Human Actors as "Purposeful Systems" 
A further point about action research is that it does not view human actors as 
"objects" 
of inquiry but as "purposeful systems" that can initiate changes of ideas and action and 
can choose to behave "capriciously" (Checkland, 1989. pp38-9). This concept 
emphasises the individuality of human actors, and of groups of actors, and highlights 
the need to view each new problem situation as a result of its own context and history. 
Each problem situation is, therefore, unique and so each approach to problem-solving 
needs to be freed from previous assumptions about the problem and how it should be 
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solved. An important aspect, therefore, of action research is the iterative learning about 
a particular problem situation that is gained through intervention in the problem 
situation. Gilmore et al. (1986. p165), emphasise this point when they explain: 
"in the action modes of inquiry the understanding arises out of the 
exploration of a particular situation and is inevitably shaped by local 
interests and practical concerns. The primary data in this type of inquiry 
are derived from experience, and experience is context-sensitive". 
A practical example of this point can be found in the author's own work: the main 
practical phase of the research (described in Chapter Nine), was conducted in a single 
business organisation but the use of experts from different departments with different 
views of the organisation suggested that each set of interviews offered a new problem 
setting within which to practice and learn about the authors ideas on KE. The lessons 
learnt from these separate experiences helped the author to make some comments upon 
the use of the approach to KE adopted which were then taken into consideration in the 
next phase of the practical exploration of the KE approach adopted (see Chapter Ten). 
Likewise, lessons learnt from the second KE study contributed to the development of 
the KE approach used in the third KE study. 
4.5 Qualitative and Heuristic Knowledge 
Positivist empiricism was criticised in section 3 above for the way in which 
functionalist models are often used as a means of generating information about the 
problem situation so as to enable problem-solving. Susman and Evered point out that 
this approach tends to leave much about the problem situation unknown which can 
often be explained through what the actors involved describe as "intuition, hunch, 
interpretation etc. " (1978. p586). In recognition of the potential value of such 
knowledge action research encourages its exploration and recording so as to offer the 
opportunity to develop "a deeper understanding of the organisational values, encourage 
consideration of new organisational forms, and facilitate recognition of clues to the new 
forms the organisation might take" (ibid. p586). Such an aim can be seen as an attempt 
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to maintain the focus of attention upon the total problem situation and its environment 
(Clark, 1980. P153). 
In order to achieve this deeper appreciation of a problem situation, those advocating 
action research emphasise the focus on the understanding of everyday action rather than 
upon the observation of behaviour in reaction to designed experiments (eg. Weber, 
1964. p103; Silverman, 1970. p128). For Lewin, the problem of recording the relevant 
everyday facts and happenings during the theory/practice cycle was one of the most 
difficult (1948. p210). He describes the diverse type of information that needs to be 
recorded with reference to a piece of action research with which he was involved: 
"it is obviously necessary to record scientifically the essential 
happenings during the workshop. Here, I feel, research faces its most 
difficult task. To record the content of the lecture or the program would 
by no means suffice. Description of the form of leadership has to take 
into account the amount of initiative shown by individuals and 
subgroups, the division of the trainees into subgroups, the frictions 
within and between these subgroups, the crises and their outcomes, and, 
above all, the total management pattern as it changes from day to day... " 
(1948. p210). 
Lewin's comment above also emphasises a point made by Silverman that although 
positivist science and action research do not share the same perspective they do have in 
common the "canons of rigour" (Silverman, 1970. p126). In this sense action research is 
"scientific". Furthermore, there is no reason why an action research study might not 
include the use of some positivist approaches if considered appropriate since, as 
Checkland stresses, science and systems thinking (which can be considered to make an 
important contribution to the notion of action research (Clark, 1980. p153)), should not 
be viewed as being mutually exclusive but complimentary (Checkland, 1976. p127; 
1989b. p40). 
Notwithstanding the claims of commentators such as Clark who has argued that "the 
elements of action research are an explicit set of values, concept and methods that 
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together make up a theory of research and practice" (1980. p152), there has been 
considerable criticism concerning the scientific validity of action research as a method 
of research (eg. see Rapoport, 1970; Peters and Robinson, 1984). However, as 
suggested by Susman and Evered, this criticism should be seen in the light of the fact 
that action research draws'-upon different epistemological and ontological stances and 
consequent philosophical viewpoints to those of positivist science but which, 
nevertheless, using positivist criteria for judgement, can be seen as scientific (1978. 
p594). Oquist, 'on the other- hand, puts forward the view that action research can best be 
evaluated not by arguing its philosophical and scientific foundation but by the practical 
achievement of action researchers to "develop effective and efficient enough 
methodologies to produce social knowledge that contributes to human betterment as 
part of the research process itself' (1978. p162). 
4.6 Summary 
The arguments put forward in this chapter have been presented in order to explain the 
author's choice of action research as a means of investigating the ideas about KE 
proposed in Chapter Seven. Table 8.1 is offered as a summary of the way that action 
research can be seen to address what have been described as problematic areas of 
positivist science as a framework for inquiry in some areas of social science. 
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Concept of Deficiency of concept for Action research as 
positivist science some aspects of social inquiry a corrective 
Positivist concept Failure to'recognise socially Emphasis on 
of "reality" constructed reality understanding real world 
as it is portrayed through 
subjective experience 
Neutral observer/ Failure to recognise the way Inquirer's role and 
inquirer observer influences the domain motivation recognised 
under investigation and influence in situation 
investigated; 
collaborative inquiry 
Observation of a Failure to recognise that Different views of those 
designed experiment inquirer brings his/her own involved sought, made 
interpretation to the explicit, recorded and 
investigation analysed; recognition of 
the role of interpretation 
"Objects" of inquiry Failure to recognise that Concentration on 
humans are not deterministic everyday events and 
but have free-will and happenings as a means of 
consciousness understanding the 
problem situation; bias, 
prejudice and 
assumptions 
of actors recognised and 
made explicit 
Neutrality of methods Failure to recognise choice Attention paid to the 
of methods can influence the methods and techniques 
result of the investigation used and their implications made 
explicit 
Repeatability Research involving human Emphasis placed upon 
actors cannot be replicated continuous learning 
exactly because humans are not through practice/theory 
deterministic but have self- cycle 
conscious, self-motivating 
character 
Quantitative Difficult to quantify all human Recognition of the use of 
measurement action; some behaviour can best qualitative measurements 
be described qualitatively 
No allowance for Failure to recognise that Theory/practice cycle as 
past history organisations develop their means of learning from 
own "culture" as a result of past history and previous 
past history of the experience 
organisation 
Table 8.1 con't... 
.,.. 
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Use of verified Difficulty of verifying models Recognition that models 
models to describe relating to human behaviour if used are only 
what is and predict we accept human action as representative of what we 
future behaviour deterministic perceive to be reality; 
difficulty of developing 
useful subjective models 
and operationalising them 
Failure to recognise Imposition of research as a Recognition of action 
Science as product of method developed around research as embodying a 
the mind but viewed natural sciences for use in particular ontology and 
as what is social sciences epistemology and views 
of human nature and 
methodology 
Reductionism Emphasis placed on parts of a Attempt to understand 
system rather than on the problem situation as a 
whole; failure to consider whole 
emergent properties 
Table 8 
.1 
Summary of underlying concepts of positivist empiricism and how they are 
addressed by action research 
The widespread use of the action method of research as a framework for inquiry in the 
social sciences (eg. Lewin, 1948; Emery and Trist, 1965; Schutz, 1971; Checkland, 
1981; Lincoln and Guba, 1984; Wilson, 1984; Checkland and Scholes, 1990), indicates 
that action research is a practical research methodology or strategy (Peters and 
Robinson, 1984. p118). Both the theoretical arguments for its corrective aspects to 
positivist empiricism, outlined above, and the arguments gained from reports of its 
successful use led the author to adopt it as a suitable means of exploring her ideas about 
KE. In the remainder of this chapter, the focus of attention is turned to the three 
practical KE studies which were conducted as action research as a means of exploring 
the ideas about KE proposed in Chapter Seven. 
5. THE KNOWLEDGE ELICITATION STUDIES 
The notion of a subjective approach to KE advanced in Chapter Seven was used 
in three 
separate action research studies. The main study took place 
in a large UK business 
organisation and involved managers from different departments within the organisation 
who were interested in the problem of management training. The second study 
involved 
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three professional knowledge engineers who agreed to be interviewed on the subject of 
KE and the third study involved managers from different companies who were all 
concerned with the problems of introducing an' expert system into their 
department/organisation. In the remainder of this chapter the background and some 
practical aspects of the three studies are outlined so as to provide the foundation for the 
following two chapters which deal with the practical application of the KE approach 
described in Chapter Seven. 
In the remainder of this chapter and in the following two chapters, references (eg. sna. 1; 
uph. 2), refer to the. author's interview notes and the documents produced during the KE 
sessions with each expert. The first three letters of the reference identify the expert (for 
confidentiality), whilst the number relates to the phase of elicitation. 
5.1 The Main Knowledge Elicitation Studv: an Investigation of the Reasons for 
Manazement Training 
The Automobile Association of Great Britain (AA), who have funded part of this 
research, agreed to allow the author to investigate her ideas on KE through their 
application in an expert system project that is currently being undertaken in the A. A. 
The expert system in question is known as PARYS (a contrived anagram to emphasise 
that the computer system is NOT Yet Another Personnel Recruitment System). PARYS, 
which represents an attempt to introduce expert system technology into the field of 
Human Resource Management, has been developed by Unibit (Holdings) plc over the 
last six years in collaboration with a number of other business organisations including 
Devon County Council, British Shipbuilders and Manpower (Mill, 1986. p18), as well 
as the AA. At the time of the author's involvement within the AA, various factors (of 
both a personal and organisational nature), had occurred that had effectively halted the 
development and implementation of PARYS within the A. A. One of the main problems 
that the original AA PARYS development team had faced was the construction of the 
appropriate knowledge-bases which are central to the operation of PARYS (sna. 1). The 
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PARYS project, therefore, provided the author with a useful and appropriate 
environment within which to apply her ideas on KE and learn from this application 
about (i) the problems of KE at first hand, (ii) the results and implications arising from 
the application of the KE approach adopted, and (iii) the key elements underlying this 
approach. 
PARYS is marketed by its developers as a sophisticated piece of technology (sna. 1). It 
is comprised of a number of "suites" each of which has been developed to fulfil a 
particular function within the field of Human Resource Management. Although the 
collection of suites are presented as "The Complete Solution to your Personnel System 
Needs", they can also be purchased as individual applications which share a common 
knowledge-base. A version of a "general" knowledge-base is provided with PARYS but 
clients are encouraged to regard this knowledge-base as an example only and to develop 
a knowledge-base specific to their organisation. Unibit do not undertake the 
development of this specific knowledge-base as either a part of the PARYS package or 
as available consultancy. The difficulty of the process of developing the central 
knowledge-base has been recognised by those involved in the PARYS project in the AA 
as well as by those from other organisations. However, Unibit view this process of 
"thinking-through" the problem of developing the knowledge-base and establishing a 
common language for the domain as an integral part of each application of PARYS. As 
a means of offering help in this area of development Unibit encourage its clients to join 
KAEF (Knowledge Acquisition Enhancement Facility) which provides occasional 
seminars related to the problem of knowledge acquisition (sna. 1). 
In discussion with a member of the original AA PARYS development team a 
domain 
was selected which was'considered to be both relevant to the AA's future plans 
for 
PARYS and appropriate as a domain in which to explore the 
author's ideas about KE. 
The domain in question was that of Management Training for Unit 
Head (first line) 
Managers. 
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Although previous work on the central knowledge-base had been conducted in the AA 
solely by members of Personnel or Human Resource Management it was decided that a 
range of operational managers from different departments around the AA would be 
asked to participate as "experts". In conjunction with a contact within the Human 
Resource Management section initial contacts were made with prospective managers so 
as to ascertain their willingness to participate in the study. It was felt that managers 
should be selected to represent the many different views of management training not 
only because of the areas in which they worked but also because of their experience, 
length of service in the AA, knowledge from their previous places of employment and 
their management "style". For example, the eleven managers ; hat took part in the study 
ranged in length of AA service from 20 years'to "18 months; sonic had been at the AA 
for the whole of their career whilst others had come from other large business 
organisations or the armed forces.. The opportunity to use the ideas on KE with people 
with different managerial backgrounds and objectives was seen as a valuable experience 
in terms of learning about the proposed approach to KE. Departments represented by 
the experts who agreed to participate were: Hotel Services; Insurance; Management 
Services - Information Systems; Management Training;, Office Design and Planning; 
Project Control; Publications and Merchandise; Purchasing; Road Services. 
The individual managers agreed to participate for a variety of reasons, both private and 
political. During the project, which lasted over eight months, one of the experts left the 
AA after Phase I and another was introduced at Phase U. One expert eventually 
withdrew from the project after Phase I due to pressures unconnected with the research. 
Eight of the managers who were involved were of Middle Management status and three 
were Executive Managers. The eleven managers who, participated were variously 
located in four buildings on two different sites, the distance between the two sites being 
approximately 3 miles. Of the eleven managers the male-female ratio was 9: 2. The 
eleven managers were selected for their diversity of responsibilities rather than as a 
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statistical representation of the AA middle management population. This policy was 
adopted since learning about the process of KB and the approach used was foremost as 
opposed to it being an investigation concerned solely with the domain of management 
training: the importance of the domain was primarily to provide a suitable subject area 
in which to conduct KE as a means of highlighting the strengths/weaknesses of the KE 
approach used. The opinion of, the contact within Human Resource Management was 
that the individuals selected to act as experts were generally representative of the AA 
middle management population. 
Meetings with the experts were held in their own office or a local meeting room except 
for one occasion when the expert was visiting Portsmouth Polytechnic and the interview 
was conducted in the author's office. It was planned to see each "expert" for 
approximately one hour on three separate occasions. After careful consideration, it was 
decided to interview the experts singly since it was felt that in this way more could be 
learnt about the use of the approach adopted. 
An important part of the action research studies was the rigourous documentation of 
everyday facts and happenings so as to allow lessons to be extracted from the research. 
Therefore, the author attempted to record comments relating to the setting and 
atmosphere, the process undertaken, as well as to the perceptions and opinions of those 
involved including the author in the role of the knowledge elicitor. Notes about the use 
of the KE approach were made during the interview both by the author and, when 
available, by a second party from the research programme so as to help to provide an 
insight into both the KE process in general and the use of the KE approach being 
investigated. A tape recorder was also used to record the sessions (as long as the expert 
did not object), and these recordings were then transcribed by the author after the 
interview. These recordings were particularly valuable in providing information to 
supplement that recorded by the elicitor on the standard interview documentation sheet 
about the use of the KE approach adopted (see below). For example, using a tape 
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recorder provided the opportunity for the elicitor to record the type of questions an 
expert might ask about any particular stage of the KE process, leaving the elicitor free 
to concentrate on the use of the KE approach. This was particularly useful when there 
was no second party "note-taker" present. 
An attempt was made to ensure that the elicitor conducted all' the interviews at each 
phase in as similar a fashion as possible so as to be able to more easily compare the 
different experiences. For this purpose at each phase the elicitor developed a personal 
agenda as a prompt for such things as the content of the introductory explanation of 
each phase. 
As an aid to documenting what*was learnt about the KE process the author developed 
and used a standard interview documentation sheet on which to record information such 
as the duration of the session, number of interruptions, length of time taken for the 
expert to complete the task and the number of questions asked by the expert about the 
example used (see Chapter Nine, Figure 9.2). 
An analysis Of feedback from the "expert" managers about their experience of the 
approach to KE adopted was used as an important part of the process of action leaning 
about the authors ideas on KE. In order to facilitate this learning process a one-page 
questionnaire was produced that was given to the managers at the end of each session 
(see Chapter Nine, Figure 9.4). Whilst the limitations of questionnaires are recognised, 
it was felt that in this case the questionnaire developed would provide not only useful 
additional information about the KE approach used but would also act as a way of 
opening up discussion with the managers about the ideas to which they were introduced. 
181 
5.2 The Knowledge Engineers Study 
The, second action research study involved three knowledge engineers from different 
working environments (the term "knowledge engineer", rather than "knowledge 
elicitor", is used since this is the way in which they referred to themselves). The first 
knowledge engineer was a research assistant who is widely recognised in the field of 
expert systems "for his work in KE (gam. 1). Although an academic, at the time of this 
study he was involved in the development of an expert system for a large insurance 
company. The meeting with this first knowledge engineer took place over two days at 
the knowledge engineer's academic institution. The second knowledge engineer works 
for the software house that developed and markets PARYS. The meeting took place 
during the author's one-day visit to Unibit's Bradford " office (sna. 1). The third 
participant is Chief Knowledge Engineer in a small UK company that produces and 
markets a popular expert system shell and an Object-Oriented programming language 
claimed to be suitable for expert system development. The meeting with this knowledge 
engineer took place at Portsmouth Polytechnic and lasted approximately two hours 
(kee. 1). The three individuals agreed to be interviewed using the author's ideas on KE in 
order to explore their own particular approach to knowledge elicitation. This study 
provided the author not only with further insights into the application of her ideas on 
KE but also, in terms of the information elicited from the three experts, it generated 
additional information and personal views about the problems of KE. 
In the interviews with the first and second knowledge engineers, all. three phases of the 
author's approach were used. However, in the interview with the third knowledge 
engineer time constraints allowed only the first two phases to be implemented. The 
author adopted the same approach as used in the AA study in recording and reporting 
the interviews and the experts' experience of the approach used. 
182 
5.3 The Seminars Studv 
Interest in the ideas developed in this research shown by Unibit led to an invitation to 
present the author's ideas about KE at two one-day KAEF seminars to Unibit clients 
who were in the process of developing PARYS' central knowledge-base. The clients 
came from a variety of public and private business organisations in the UK and also 
from Germany and Italy. Participants included representatives from the Health Service, 
Insurance Companies, the Metropolitan Police and the Hay Management Consultancy 
Group (West, 22/5/90; West, 24/5/90). 
The two* seminars provided the author with some valuable lessons about (i) teaching the 
KE approach developed during the research to people involved in KE and (ii) the 
thoughts of the participating managers about the practical use of this KE approach 
presented in their business environment. 
4. SUMMARY 
In this chapter the reasons for the author's use of action research as a means of 
investigating the practical application of the key elements for a subjective approach to 
KE offered in Chapter Seven have been presented and discussed. The background to the 
three KE studies conducted during the research has been outlined in order to provide the 
backcloth for the following two chapters in which both the practical aspects of the three 
studies and the lessons learnt about the KE approach adopted during these studies are 
reported. 
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CHAPTER NINE 
THE AUTOMOBILE ASSOCIATION STUDY - PRACTICAL 
ASPECTS AND LESSONS LEARNT 
"0 plunge your hands in the water, 
Plunge them in up to the wrist; 
Stare, stare in the basin 
And wonder what you've missed" 
(W. H. Auden, Collected Poems, ü, 1927-1932) 
1. INTRODUCTION 
In the first part of this chapter the aim is to describe the practical application of the KE 
approach, described in Chapter Seven, in the main KE study conducted within the 
Automobile Association. The KE process is illustrated by means of describing the three 
KE phases undertaken with one expert, using information gained from the expert as 
examples of each phase. (Further examples can be found in appendix II. ) As a piece 
of action research, in the second part of the chapter, attention is turned to a 
discussion of the lessons learnt about the KE approach adopted during the AA 
study. These lessons influenced and directed the KE approach as practiced in the 
second and third studies which are reported in the following chapter. 
2. THE AUTOMOBILE ASSOCIATION STUDY 
The first study was conducted within the Automobile Association (AA) and, as outlined 
in the previous chapter, was concerned with understanding the reasons for management 
training so that a training and succession planning "suite" of PARYS, the Personnel, 
Selector expert system (see Chapter Eight, Section 5.1), could be developed. Eleven 
different managers were involved in the KE sessions as "experts" but in order to 
illustrate the practical KE process only one "set" of interview documents will be 
presented here as an example. The documents selected for inclusion in this chapter are 
judged by the author to be generally representative of all eleven sets of documents. Forrn 
reasons of confidentiality information referring to the identity of the expert whose 
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sessions are being used here have been removed. As explained in the previous chapter, 
references (eg. uph. 1; uph. 2; uph. 3) relate to the documentation provided as a result of 
the KE process with each expert during the three phases of elicitation. 
Prior to the first session with each expert an "introductory" letter had been sent from the 
author, via the Department of Human Resource Management, to each of the 
participating members. The main function of this letter was to introduce the author and 
the topic for discussion, namely, "management training". 
2.1 Phase I- The Development of a Map 
Phase I interview took place in the "expert's" office at one of the AA sites in the 
Basingstoke area, Hampshire, on 6.3.89. In addition to the expert and author (hereafter 
referred to as the "knowledge elicitor"), a second member of the research team was 
present to act as a supplementary "note-taker" but took no other part in the KE process. 
At the beginning of the session the knowledge elicitor promised that all information 
obtained during the sessions would be confidential. This was the first time the 
knowledge elicitor had met this expert and after a short introductory discussion the KE 
process was begun. 
The knowledge elicitor explained that she was concerned not only with the topic of 
management training but also with the KE approach that was to be adopted. The elicitor 
explained that over the next hour she would like the expert to use a particular approach 
in order to help describe his thoughts on this subject. An example of the map approach 
was then provided which is reproduced in Figure 9.1 below. The example was one that 
the author had developed earlier and had drawn on to three acetate slides. 
The subject 
area was that of "the problem of buying a car", since the author felt that this was not 
only an appropriate example to illustrate the way in which the map could 
be used but 
was also a situation which, it was felt, most of the "experts" interviewed would 
be 
familiar with. The first part of the map, the central "bubble" containing the general 
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problem description, was revealed to the expert and then the second acetate, showing 
the wide range of different elements that could influence the decision represented in the 
centre, was added. The elicitor talked through the elements of the second acetate and 
took care to explain how these elements could range from the tangible, such as "price" 
to the less tangible, such as "image". The third acetate, showing tertiary elements that 
could affect the elements relevant to the problem domain was then added to illustrate 
the way in which further issues could be added if necessary (see also Chapter Seven, 
Figure 7.1). 
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.1 
Map of the problem of "buvinz a car" used as an example of the reap 
approach in Phase I 
IQA 
After talking through this example, which took approximately two minutes (uph. 1), the 
expert was asked if there were any questions he would like to ask about the example. In 
this first case the expert had no questions. As can be seen from Table 9.1, the experts 
involved in the study asked few questions about the map example and its use. The 
expert was then asked to use the same approach to describe what he felt were the 
reasons for management training. The elicitor supplied several sheets of A3-size paper 
and different coloured fibre-tip pens. The elicitor took care not to interrupt the expert as 
he drew the map and used this time to complete the standard interview documentation 
sheets that had been produced beforehand to help record the progress of the meeting. 
An example of this documentation aid is reproduced in Figure 9.2. At this map-drawing 
stage the elicitor attempted not to distract the expert or make the expert feel pressurized. 
In this example the expert took 11 minutes to produce his map (reproduced in Figure 
9.3), which consisted of 6 secondary and 6 tertiary elements. (Table 9.1 indicates that 
the average time for the experts in this study to produce a map was approximately 12 
minutes). Whilst drawing the map the expert required no further information from the 
elicitor about the task. However, as can be seen from Table 9.1, when engaged on 
producing a map most of the experts asked questions either (i) for clarification of what 
was required from their map and (ii) for reassurance. It was noted that the expert did not 
appear to refer back to the map example although he did refer to the guide-lines with 
which he was provided several times. On completion of the map, the elicitor asked the 
expert if he could explain what he had drawn which he did, taking 9 minutes to do so. It 
was noted that the expert appeared to undertake the task confidently. The elicitor took 
care to listen to what she was being told and ask questions only for clarification so as to 
avoid influencing or directing the session. After explaining his map, during , which 
he 
gave practical examples of the different elements he had identified, the elicitor asked if 
he felt there was anything else he would like to add to his map. On this occasion the 
expert did not make any alterations to his map. 
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Dace: Time: Iocatton: 
Present: 
Incerviewer: 
Incerviewee (expert): 
Title of incervievee: 
Interview No. with this expert: 
I) interview begins ac: Ends ac: 
2) Time taken to incrocuce and explain example: 
3) Did expert ask questions about example? 
None: 
A few: 
many: 
i) Task: Title: 
5) Time for expert co complete cask. 
Begin: End: local: 
6) Did expert ask questions when producing map? If so gnat type of 
question? 
Questions asking for clarification? Y/N 
reassurance? YIN 
help? YIN 
7) Did expert undertake the cask confidently or with haslcacioa2 
8) Was an example of the task provided? Did expert refer back to 
example? N/Y 
Occasionally? Frequencly? 
9) Was the interview interrupted in any way? If so, how? 
10) Setting for interview including size of room, formal/informal 
seating arrangements, presence of other people, coffee, ace. 
11) Was there any indication of the motivation for the individual 
concerned Co take part in this exercise? 
12) Any other observations? 
Ref : DW/15.3.89 
figure 9 
.2 
Standard interview documentation sheet 
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Flure 93 Expert's map of the reasons for management training 
At the end of the session the elicitor asked the expert whether he would be prepared to 
complete a questionnaire about the approach used and his reasons for participation, 
which he agreed to do and completed immediately. This completed questionnaire is 
reproduced in Figure 9.4. 
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Figure 9 .4 Questionnaire completed by the evert at the end of Phase I 
The session lasted 50 minutes and had provided a considerable amount of detail 
concerning the expert's views about the reasons for management training. The expert 
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agreed to participate in further sessions at a later date. Shortly after the interview the 
elicitor was able to reflect upon the session and make more detailed notes about the 
session in terms of the KE process, the roles of expert and knowledge elicitor and the 
use of the map approach. It is these notes, together with the information recorded on the 
standard interview documentation sheets and the experts' completed questionnaires that 
enabled the author to offer an analysis of each study and which are referenced in section 
3 below. 
Table 9.4 (produced at the end of this chapter), which was developed from the standard 
interview documentation sheets used by the elicitor and "note-taker" when present, is 
offered as a summary of the other Phase I interviews conducted during this study. 
After all Phase I interviews had been completed, the elicitor developed a "composite 
map" of the problem domain, the aim of which was to provide a single map, including 
all the comments made by the different experts, so that this could be used at the next 
round of discussion with the individual experts. An appreciation of the domain gained 
as a result of all Phase I interviews enabled the elicitor to produce the composite map 
which was seen as a way of providing a way of incorporating different views without 
the need for group discussion. The elicitor took approximately 30 minutes to produce 
the. first draft of the composite map which was then reviewed over several days. The 
final map comprised 14 secondary elements and 2 tertiary elements (See Figure 9.5). 
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The large size of this map and the way in which certain clusters of elements had 
developed encouraged the elicitor to divide the "composite" map into the 3 "sub-maps" 
illustrated in Figure 9.6 so as to ease discussion at the next interview. These divisions 
were made on the basis of the elicitor's interpretation of the domain and the way in 
which the experts' maps had emphasised certain aspects of the domain. Sub-map 1 
illustrates the concern shown by the experts with the need to address the individuals 
being trained. In the second sub-map, more general concerns at a Business level are 
represented and in the third sub-map the organisation's concern with the way in which 
management training relates to its own development and image are represented. 
Since the development of both the composite map and sub-maps were open to elicitor 
bias, prejudice and assumptions, when showing these maps to the experts, the elicitor 
emphasised that they were her own interpretation of the domain resulting from the 
Phase I interviews. The elicitor stressed that the view of the domain as represented in 
the maps could be altered, or "tailored", by the expert if he/she felt this view to be 
deficient in some way. 
The "composite" and "sub-maps" were hand-drawn on A3-size paper so that they could 
be shown to the expert at Phase 11 of the elicitation process. 
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S 9.6 The three "sub-mars" developed by the elicitor from the "comgosire"map 
'phase U- The Use of Questions Derived from CATWOE to Help Explore Acrivities 
Represented in the "Sub-Maps". 
The second interview with this expert (which was the first interview of Phase II), took 
place on 1.8.89 in the expert's office. In addition to the expert and knowledge elicitor a 
second ' person from the research team was present to help in taking notes. A tape 
recorder was also used to record the session from which transcripts were produced after 
i 
the interview. 
After a brief introductory "chat" the elicitor showed the expert the "composite" map, 
explaining how it had been derived, taking care to stress that this was the elicitors 
interpretation of the domain as a result of completing the first set of interviews with the 
different experts. The 3 "sub-maps" were then introduced and explained, again with 
emphasis on the fact that the division was entirely that of the elicitor's to help her 
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explain the way in which she understood the domain up to this point of the KE process. 
The expert was then asked if he/she had any comments about the "composite" map and 
"sub-maps" and whether he/she would like to make any changes, such as by deleting, 
adding or amending elements. In this session the expert had contributed to the 
discussion of the "composite" map and "sub-maps" and when asked to comment he 
added one tertiary element to "sub-map 1" ("to give managers skill/knowledge to do 
job"), which he felt was an important element. 
When the expert was "satisfied" with the "composite" and "sub-maps" the elicitor 
explained that she now wished to explore some of the ideas in greater depth and to this 
end asked the expert to give a "name" to the overall set of activities being undertaken in 
each sub-map. This expert asked for `clarification on what was required at this point and 
the elicitor re-phrased the task until the expert was able to understand what was 
required. The expert, having named the activity of map 1 as taking place "to produce a 
new breed of manager appropriate to' the needs of the business and company", the 
elicitor proceeded to use questions derived from the CATWOE elements of Soft 
Systems Methodology (SSM) to explore the set of activities, or "system", further. These 
questions sought to elicit the "transformation" represented in each sub-map as well as 
identifying the Customers, Actors, Owners, and Environment of the activities defined. 
For example, the elicitor attempted to elicit answers to questions such as: "What is the 
process that this set of activities is working to bring about? Who would you say were 
the beneficiaries, or even victims, of this set of activities? Who would be the people 
involved in the process you have defined? " This process was undertaken for each of the 
3 "sub-maps" which took approximately 32 minutes. The "W" (Weltanschauung) 
behind the expert's view of the domain was not sought through direct questioning of the 
expert. Instead, the elicitor supplied the "W" afterwards, when developing a "Root 
Definition" for each of the sub-maps, as a result of the appreciation of the domain she 
had gained from the previous elicitation sessions (eg. see Figure 9.9). An example of 
the type of information gained at this stage is reproduced in Figure 9.7. 
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It was noted that the expert seemed to be a little "cautious" when answering the 
CATWOE questions but, on reflection, the answers that he gave seemed to indicate that 
the conceptual nature of the task had not "troubled" him although his behaviour 
suggested that he was thinking carefully during the task. It was also noted by the "note- 
taker" that the impression given by the 'expert w'as'-that'- as thät he was "less responsive to 
questions than to the practical task set in Phase I". 
Sub-map 1 
T - Use of management training to develop unit head managers into a 
new breed of manager more suited 
to the business and company as a 
whole 
C - All people the department serves 
as a support service and related 
departments, ie. the prime 
businesses of the AA; All those 
people receiving training in the 
new skills 
A - Individual unit head managers and 
line managers (who agree together 
on training), Directors 
0 - Line management throughout as 
they are best able to identify 
needs of individual staff. Also 
can prevent individual taking a 
course, eg. if individual is 
nearing retirement 
E - Customer service levels 
Fj$ure 9 .7 Information gained by use of questions 
derived from the CATWOE elements 
about the sets of activities illustrated in sub-mag No. 1. 
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After completing the task of describing the sub-maps the expert was asked to complete 
a questionnaire about the session (the same questionnaire format that was used at the 
end of Phase I), on which he wrote that after having understood the angle of the 
approach he felt "entirely comfortable". The completed questionnaire is reproduced in 
Figure 9.8. 
Querelens to be asked e! tot. rvtevea (extort) 
after tomeletlon of : ne casK j 
Dates I"p' Name: 
1) aov did you teal during the Latar, Lavt ". g. did you feel 
pressurised. comfortable, L11-ac-sass vich the approacht 
2) Was the example of the approach given clear enough? /an . 
7)W aC were ! our main difficulties (1: any), vith this exercise? 
6) Did you find it easy cc cars, out the cask? :! sec. can you 
urnlaio vny? 
5) Did the approach used help to bring the area of concern into focus! 
(ýýý 
I: so, hoo? 
6) Do you think the and result of this easdng vault have been aaf 
dilferant U: had siaply qusstieead you on the subject area? 
.., 
Y... L. E' w0+. lýC f ýuiaýGl +ýfý- 
G... V. , ý-a 
ýC. 
iý+... 
. 
7) Do you ? hint there is am advantage im using a 'pietorlal' 
approach, such as the map, rather : Ran, sad, a list farm? 
tivo 
8) Save you coy advice co offer as co Lov this exercise could be 
impcoýad? 
, 
9) laws you eakan this exercise 'sariowl7'? If so, Can you quality 
this? 
50?? 0iJ/13. ].! 9 
Fiire 9 .8 Ewezt's comments relating to 
Phase U 
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This Phase II interview lasted approximately one hour and at the end the expert agreed 
to be interviewed again at a later date. As in Phase I, the material collected during the 
session were transcribed and evaluated by the author at a later date. 
Table 9.5 (produced at the end of this chapter) is developed from the standard interview 
documentation sheets and represents a sununary of the other Phase 11 interviews 
conducted. 
The next stage of this Phase of the KE process involved the elicitor developing "Root 
Definitions" from the information that had been acquired from the expert through the 
use of the questions derived from the CATWOE elements. As an example of this stage 
of the KE process, the root definition developed for sub-map No. I is reproduced in 
Figure 9.9 together with an explicit definition of the "transformation" represented in the 
root definition. The "W" that is inherent to the root definition was provided by the 
elicitor as a result of her understanding of the views expressed by the eroert up to this 
point of the elicitation process. (see appendix I for a further discussion on 
developing Root Definitions). 
"A management-owned system to train unit head managers to address the 
needs of the Business and the. Company whilst maintaining good day-to- 
day customer service" 
managers unable to trained managers 
address Business and who can address 
Company needs; -T- Business, Company 
Need to maintain and customer 
customer service level service needs 
"W" - Management training can help to satisfy Business and Company needs whilst still maintaining customer service 
requirements. 
ri; ure 9 .9 
EtamDle of a "Root Dennirion" oroduced by the elicitor from h orrrsarion 
provided by the etpc-r in answc-fing- oucstiorc about the sub-mars derived ro e 
CATWOE elements 
r 
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After producing a root definition for each sub-map, the elicitor developed each one into 
a "Conceptual Model" and reproduced these models on A4-size paper to use at Phase III 
of the KE process. The elements of each conceptual model provided an "agenda" to 
help the elicitor manage the discussion at the next phase. The production of the root 
definitions and conceptual models was time-consuming for the elicitor but the nature of 
the task, being conducted away from the interview room, meant that each root definition 
and conceptual model could be re-worked many times until the elicitor felt comfortable 
that the root definition and conceptual model reflected what she believed the expert to 
have said. As an example of this stage, the conceptual model relating to the root 
definition in Figure 9.9 above is reproduced below in Figure 9.10. 
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2.3 Phase III - Discussion of Conceptual Models 
The third and final interview with this expert took place on 8.11.89 in the expert's 
office. Only the expert and elicitor were present. There had been some "confusion" on 
the previous day when the Secretary of another expert due to be interviewed later on the 
same day had taken it upon herself to "re-arrange" the times of the meetings. At the 
beginning of the session the expert expressed that he had not really had the time 
available for the meeting (the Secretary had implied that the elicitor expected 2 hours 
when the original appointment had been for 1 hour), but would see how far we could 
get in the time available. The elicitor spent several minutes at the beginning of the 
session attempting to clarify the situation which seemed to "pacify" the expert. 
The elicitor began the KE process by explaining how she had developed the information 
he had given at the last meeting into a model that showed purely the logical elements of 
the activities he had described. The expert was told that the model should not be 
considered as a model of what was, or should be, but merely represented a way of 
illustrating the logical implications of what had been discussed at the previous session. 
The elicitor allowed the expert several minutes to view the first conceptual model and 
then explained that she would like to explore the different elements in more detail. For 
this purpose the elicitor used the agenda to help frame initial questions such as "Do you 
recognise activity no. 1? Does it exist in the 'real-world'? If so, how is it manifested? 
and if not, why not? " The expert was able to talk quite eloquently about each element, 
giving examples, clarification, explanation, and identifying how the different elements 
of the model affected each other. For example, the expert tended to move through the 
model, following the direction of the arrows to help in his discussion, saying such 
things as "Oh yes, this activity relates to what I was just saying... ". The elicitors role 
was not particularly active since once the expert knew the sort of questions asked about 
each element (i. e. from the agenda), he tended to provide the information without 
prompting. The elicitor recorded what the elicitor said on the agenda. The discussion 
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seemed to highlight some areas that followed rule-based information (eg. order 
acceptance and status determined by past customer record), whilst other areas proved to 
be much more "subjective" and less easy to define (eg. the development of the AA's 
image promoted by the different businesses). One of the completed agendas is 
reproduced as an example in Figure 9.11. 
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At the end of the meeting (which lasted approximately one and a half hours since the 
expert suggested continuing after the appointed one hour until all three models had been 
discussed), the expert agreed to complete the questionnaire about his thoughts on the 
session which is reproduced in Figure 9.12. 
Ouestions to be asked of incarwitvaf (exeert) 
attar eomolecion of the task 
Data: ý' i/ " g' 'I Name: 
1) How did you feel during the interview? e. g. did you feat 
pressurised, eomlorcabla, ill-ac-nasa with the approach? 
Z) Was the example of the approach given clear ecought 
7y 
3) : hat were your maim difficulties (i: any), with this exaccise? 
b) Did you find it easy co carry out the task? If sac, can you 
explain why? 
S) Did the approach used help to bring the area of concern into 
focus! 
L' so, how? 
6) Do you think the and result of this seating would have boon any 
different L' I had simply questioned you on the subject aceat 
i) Do you think there is any advantage to using a 
'ptetorial- 
approach, such as , -the map, rather than, $al, a 
list torn? 
LJ 
e -<. 'f+. w. i 
iý14o '"" /3'. +.. a.. . cubi... -. "irv r.. 
8) Have you any advice to offer as to how this exorcist could 
be 
improved? 
/ýW 
9) Have you taken this exercise *seriously'? If so. eat you qualify 
this? ysi -J . alt, 
LL s. -+--º- iG 
G^":, 
Figure 9 . 12 Exvert's comments relaying to 
Phase m 
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The expert's answers are not terribly enlightening this time since they are of the yes/no 
format. The reason for this is uncertain as previously this expert had provided relatively 
full comments on the questionnaire. His answers this time may reflect his "annoyance" 
at the beginning of the session (although his reactions and performance during the 
session did not substantiate this view), or it may have been due to the time constraint or 
even the result of being asked to complete the same questionnaire for a third time. 
However, it provides a useful example of the difficulties of developing a questionnaire 
that restricts this type of limited answer since care had been taken when designing the 
questionnaire to try to avoid such problems. 
Table 9.6 (produced at the end of this chapter), which has been developed from the 
standard interview documentation sheets, summarises the meetings with the other 
experts at Phase M. 
2.4 Summary 
As a summary of the KE approach adopted during the AA study Figure 9.13 illustrates 
the way in which the aim of the approach used was to provide both the expert and 
elicitor with an 'appreciation' of the domain by means of the iterative nature of the 
three-phase process advocated. Consequently, the importance of feedback during KE 
brought about through discussion between expert and knowledge elicitor is emphasised. 
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3. LESSONS LEARNT ABOUT THE ADOPTED KE APPROACH DURING THE 
AA STUDY 
In this section attention is turned to an analysis of the three phases of the KE process 
used during the AA study. This study had provided the means of implementing the key 
elements of a subjective KE methodology, proposed in Chapter Seven. Each phase of 
the KE approach will be taken and discussed in turn, drawing upon the observations 
made during the practice of the phase by the knowledge elicitor and the comments made 
by the, experts involved. (References to points made relate to the documentation 
resulting from each interview session. ) Through these observations and comments 
perceived strengths and weaknesses of each phase of the KE approach as conducted in 
the AA study will be highlighted. 
I 3.1 Phase I- The Map 
An underlying requirement of Phase I was that. the approach used should help both 
experts and knowledge elicitor to avoid "focusing in" on "the problem" too early in the 
study. Instead, the aim was to present a framework which encouraged a wide ranging 
process of appreciation (for both expert and elicitor) about the domain under 
investigation. The aim, therefore, was to suppress the great detail that is reported in the 
literature to often ensue from open interviews (Welbank, 1987a) and to provide the 
expert with the means of explaining, what, to him/her, could be considered to, be the 
central elements of the domain and to set this description within a meaningful context. 
Use of the map approach seemed to indicate that these aims could be satisfied if the 
experts were given the opportunity to talk about the elements they defined in their maps 
and to discuss their significance. This process of discussion around the experts' maps 
was found to be valuable as a learning experience for both expert and elicitor. the 
'production of the map and the ensuing explanation encouraged the expert to make his 
general view of the domain specific and allowed the elicitor to learn about the expert's 
view whilst minimising the need to ask questions which may have led the expert in 
his/her thinking. 
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At the start of phase I, each expert was given an example of the map approach before 
being asked to produce his/her own map of the domain under investigation. The map 
example given to the expert, which took approximately 2-3 minutes to explain, 
generated few questions for further explanation and the experts were noted to assimilate 
the principles of the map quickly (eg. madbl. 1; all. 1; sco. 1; harn. 1; col. 1; atk. 1). Time 
for map production ranged between 3-20 minutes, all of which generated a map of 
sufficient detail to discuss the different elements and, from the elicitor's point of view, 
gain some understanding about the expert's view of the domain. In spite of one expert's 
comments to the contrary, the pictorial approach seemed to be equally well-received 
amongst all the experts involved, whether "new style" managers or those of a more 
conservative nature (eg. lac. l; uph. l). Only one expert failed to produce a map and, 
instead, in spite of the example given, used a technique similar to that of spray diagrams 
with which she was already familiar. Interestingly, her representation offered 
considerable detail indicating the different processes that were currently undertaken in 
the AA with regard to management training which contrasted with the maps produced 
by the other experts . which 
illustrated what the individual experts thought were the 
reasons for management training. It is worth reporting that the expert who used a spray 
diagram was one of the original PARYS team members who had strong ideas about the 
way management training should be approached in the AA and as an Executive 
Manager in Personnel had played an important role in shaping the AA's approach to 
management training. 
The pictorial aspect of the map seemed to be welcomed by the experts at the AA, since 
they said that they responded to pictures and shapes more easily than to a narrative 
representation of their revelations or to having no immediate -representation of their 
discussion as is often the case in open interviews (eg. atk. 1; all. 1; lac. 1). The knowledge 
elicitor noticed that in the explanatory discussion after the production of the map, the 
experts used their map to "talk around", pointing to the different elements, correcting or 
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enlarging upon them as they felt necessary. The elicitor took care to encourage the 
expert to think of the map as belonging to him, or her, so as to emphasise the expert's 
involvement and his/her ownership of the information divulged and made a point of 
asking the permission of the expert to keep the map at the end of each session. 
A further aim'of this phase of the study was to attempt to allow the expert to lead the 
session and divulge his/her knowledge as and when seemed appropriate. The results of 
Phase I showed that the approach used could be quickly learnt and was one which posed 
little constraint other than the framework of the diagram used to represent the view 
given. The elicitor's role was minimised so as to allow the experts to direct the session 
as far as possible, while the map seemed to prevent them wandering too far from the 
original wide definition of the problem situation. The experts required little guidance 
about the use of the map, but when assistance was asked for it was generally to reassure 
them that they were making good progress (eg. all. l; ham. l; sco. 1). The individuality of 
the different experts was not suppressed and could be seen in the way in which each 
expert, once having understood the principles of the map, developed their own means of 
representing their view of the domain. For example, one expert used large and small 
circles and different coloured pens to represent a 3-Dimensional view of the domain 
(lac. l). Other experts used different coloured pens to represent groups of activities 
(atk. l), different levels of details (sco. l) or overlapped the elements in varying degrees 
to indicate relationships between elements (uph. l; atk. 2). Although these practices had 
not been "taught" to the experts at the beginning of the session, their inclusion and 
development by the experts illustrated the flexibility of the map and its use as a tool for 
representing ideas and documenting points of view. 
The speed and apparent ease with which a useful map could be produced seemed to be 
appreciated by 'the experts (eg. uph. 1; col. 1), and provided a useful means of 
establishing rapport between expert and elicitor at an early stage. For example, at the 
first meeting with one of the experts, the elicitor was met by the expert's secretary and 
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told that due to pressures of work the expert would only be able to spare 20 minutes of 
his time instead of the previously arranged one hour. The expert was visibly busy from 
the continuous interruptions during the interview but he was able to produce a map 
within minutes. The expert seemed to find his map interesting and then went on to 
explain and discuss it in considerable detail. When the elicitor left the session the 
allotted 20 minute period had overrun to one hour and the feedback from the expert 
indicated that he had, in fact, found the exercise interesting. As the session concluded 
the expert said that he was looking forward to continuing the discussion. The elicitor 
was interested to note that the simplicity of the map approach and the discussion 
resulting from it, in this case, seemed to have captured this expert's interest, despite 
his busyness and provided the basis for future -discussion (col. 1). On another occasion 
an expert was somewhat detached and rather cautious at the beginning of the session but 
after producing- the map he seemed to be enthused by his work and showed a greater 
inclination to be forthcoming with his views and comments (madbl. 1). This use of the 
map was also extended into phase II where discussion of the composite and sub-maps 
acted as a "meeting point" for expert and knowledge elicitor (eg. bod. 2; madbl. 2). 
In practice the map also proved to be a useful means of controlling the initial interview. 
The limited space available on the sheets of paper provided (A3-size) and the way in 
which the activities are arranged around the central element tended to restrict the expert 
to naming between 5 and 10 relevant activities. This proved to be a useful means of 
limiting the amount of detail given. For example, one expert commented that the space 
constraint "encourages taut phrasing" which he felt to be an advantage at this early 
phase (atk. 1). However, one of the lessons learnt here was that this characteristic could 
also serve as a restriction to the expert's thinking. In an attempt to overcome this 
potential difficulty the expert was asked, after having drawn the map, if he could use the 
map to help explain his views on the domain. Through this ddiscussion, "missing" 
elements or repeated statements could be identified and the map adjusted accordingly. 
The elicitor also watched for any discrepancies in the level of resolution in the maps 
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and if discovered questioned the expert on the relevant activity until increased 
understanding had been achieved and, where necessary, the map altered. Discussion 
after the map had been drawn frequently resulted in some change being made to the 
original map until the expert was satisfied that the map represented his perception of the 
domain. Although at this discussion stage information of potential value and interest 
could be identified, the elicitor resisted the temptation to record this additional, more 
detailed information and concentrated. instead on gaining an overall picture of the 
expert's view of the domain. 
The' feedback questionnaire used with the experts provided some interesting remarks 
about the map. Several experts explained 'that they felt the particular approach helped 
bring the area of concern into focus (uph. l; col. l), or helped "concentrate the mind" 
(eas. l; ham. 1), and one said that it had helped him to stand back from the problem and 
examine his own thinking about it (uph. l). The pictorial approach was judged by many 
of the experts as being a useful way of helping them to "see"- the whole of their view of 
the domain as they reproduced it and enabled them to section the problem area into 
parts whilst at the same time easily being able to see the relation of the parts to the 
whole (eg. eas. 1). One expert referred to the pictorial approach of the map saying it 
gave him a "bird's eye approach" to the problem - that it enabled a panoramic -view 
which` helped him to "assimilate" the domain more easily (col. l). An additional 
comment made in reference to the pictorial aspect of the map was that "it brings the 
subject to life" (ham. 1). 
One expert commented upon the fact that the map allowed him to direct the discussion 
and helped prevent the elicitor from "receiving and transcribing my replies with your 
own prejudices etc. rather than mine" (atk. l). This observation was implied elsewhere 
by an expert who commented that in interviewing one has to know what questions to 
ask (sco. l), and another who said that the approach used had meant "I felt free to 
express myself' (all. l). One expert reported that he saw the process of map-production 
211 
and the following discussion as a means of showing "proof of understanding" both for 
himself and for the elicitor (lac. 1). 
The learning process that the approach seemed to encourage is exemplified by a 
comment from one expert who felt that the approach helped him to concentrate his mind 
on what he felt'was necessary in terms of management training. He said that undergoing 
the exercise had made him reflect upon his own approach to management training and 
had made him wonder "if I am achieving this for my own management" (ham. 1). In this 
case and in one other where, as a result of the first and second phase of the study an 
expert had produced a paper about management training containing new ideas on this 
subject which had been distributed throughout the AA (AA Internal Report, 1990), the 
KE exercise seemed to have played a useful role in helping the experts to clarify and 
explore their own thinking about the domain which was of benefit to their work. 
Several observations made by the elicitor and points raised by the domain experts 
highlighted problems with the approach adopted at Phase I. For example, the decision to 
offer the experts little information before the session as to the nature of the task they 
would be asked to try seemed to leave some of the experts feeling ill-prepared at the 
start of the session (eg. eas. 1; all. 1; sco. 1; uph. 1). This was compounded in some cases 
as several of the domain experts had not received the letter sent to one of the original 
contacts at the AA outlining the aims of the research which it had been decided was to 
be forwarded to the various managers agreeing to participate. However, most of the 
experts agreed that the nature of the task set them at Phase I meant that they needed 
little information about the interview in advance, most feeling a general heading and 
description of the area of discussion would suffice. However, meetings were arranged 
by the elicitor in which the expert could undertake the task so that the elicitor could 
observe the use of the KE approach. Although the elicitor's presence could be "off- 
putting" for the expert (eg. hol. 1), the formal meeting was seen by the elicitor as a way 
of encouraging the expert to pay full attention to the task in hand. For example, as can 
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be seen in Table 9.4 below, there were few serious interruptions during the Phase I 
sessions. 
A further lesson learnt during Phase I concerned the amount of intrusion, or 
participation, on the part of the elicitor in the KE process. An important aim at this stage 
had been to 'prevent the elicitor from leading the KE session by reducing her 
participation in the session. Although, as described above, the experts saw that the 
approach used allowed them to present their ideas on the subject area, their behaviour 
during the session indicated that the main role of the elicitor at this stage, apart from 
introducing the approach, was one of offering encouragement and reassurance to the 
experts that the information they provided was relevant. A problem arising out of the 
elicitor's withdrawal from the session as much as possible was that of making the expert 
feel as though he/she was being tested or being watched "perform" (hol. 1; col. 1; ham. 1). 
In discussions with the experts on this point it was suggested that perhaps a way of 
minimising this "test" atmosphere would be for the elicitor to leave the room whilst the 
expert was engaged in drawing the map or else to send the task and an explanation of it 
to the expert in advance so that it could be undertaken prior to the interview (hol. l) The 
difficulty of adopting either of these two suggestions was compounded by the nature of 
the study which was (i) to help establish the reasons for management training and (ii) to 
"test" the ideas about KE as a piece of action research. Consequently, the elicitor 
attempted to reduce the problem of making the experts feel that they were being tested 
and "watched" by recording observations and taking notes whilst the expert completed 
the task as discretely as possible. 
A point made by some of the experts in the study which seems worthy of mention is 
that they felt they could have given'more information if more time had been available 
(ham. 1; col. 1). However, other experts commented that the approach used helped them 
to be specific rather than superficial and felt that the approach helped them to give a lot 
of information in a relatively short space of time, ie. that the time available was well- 
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utilised (eas. 1; uph. 1). This- point highlights a potential problem area in knowing how 
much time should be allocated to the map-drawing phase so as to gain a "rich" 
description of the domain without encouraging the expert to continue to too great a level 
of detail. 
A final point, already referred to in the previous section, concerns the benefit of using 
groups of experts to produce and discuss the map. During the study, several experts 
suggested the potential usefulness of group discussion (madbl. l; hol. 1; ham. l). One of 
the main advantages of this approach was suggested to be that it would provide each 
individual with an opportunity to "bounce" ideas off others and benefit the study as a 
whole. It was explained to the author by these advocates of group discussion that this 
was a common and favoured method of creating and exploring ideas in the AA. 
However, after much consideration, the author finally decided to interview the experts 
singly for several reasons. Firstly, the author felt that the wide applicability of the 
domain would make it difficult. to contain the discussion to the domain in question. 
Secondly, as the author began to get to know the different experts involved, it was felt 
that certain more dominant and vociferous experts would be likely to lead the 
discussion and possibly impose their own ideas upon the group. This problem was 
particularly noticeable when the author considered dividing the experts into two groups 
when the difficulty of selecting individuals to work together was seen to be problematic. 
It was decided instead that each expert should continue to be interviewed alone. A 
further factor in this decision against using group discussion was the need to learn about 
the KE approach itself which, it was felt, could be more easily achieved at this stage of 
the research by interviewing the experts individually. However, the use of the proposed 
approach with groups of experts would seem to offer some interesting observations and 
results as was noted in the third KE study where a small amount of time was devoted to 
undertaking phase I as a group activity. 
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Table 9.1 represents a summary of the lessons learnt about phase I in the KE study 
conducted within the AA. 
Lessons learnt from the AA Study - Phase I- Use of the'map' for identifying elements 
relevant to the domain 
Potential strengths - Phase I 
(i) Use of the map seemed to help avoid 'focusing in' on problem too soon; 
encourages a description of the whole domain that enables elicitor to 
appreciate domain. 
(ii) Use of the map helps to "control" the interview - limited space means elements 
are limited to 5-10 so detail is suppressed at this early phase, ie. encourages 
'taut phrasing'. 
(iii) Use of the map provides context for elements relevant to the domain of 
expertise 
(iv) Use of the map enables elicitor to avoid directing KE process and introducing 
bias, ie. through the use of leading questions. The expert produces the map and 
can direct the following discussion. Elicitor's role at this phase - one of 
reassuring expert, giving encouragement and support. 
(v) Generates discussion which provides learning process for elicitor and expert, 
ie. expert given opportunity to reflect upon his own thoughts. 
(vi) Quick results - a'good' map can be produced within 3-20 minutes - simple 
principles, easy to learn; appropriate for use with busy experts.. 
(vii) Pictorial aspect of map seen by experts as economical way of representing 
domain. 
(ix) Use of map provides a 'panoramic' view of the domain which can be 'broken- 
down' into parts relevant to the whole. Emphasis remains on the whole of the 
domain and the relationship of the parts to the whole. 
Table 9.1 con't... 
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Potential Problem Areas - Phase I 
(i) How much information should be offered to the expert before the elicitation 
session? If little information is offered about the task to be undertaken so as to , prevent influencing the expert's reaction, the expert may feel unprepared and 
apprehensive. 
(ii) In attempting to avoid influencing the KE process, at times the elicitor 
withdraws from active involvement in the KE process which may result in the 
expert feeling as though he/she is being 'tested' and 'watched'. 
(iii) How much time should the expert be allowed to draw the map so as to allow 
the elicitor to begin to appreciate the breadth of the domain but without the 
expert including too much detail? 
(iv) Potential advantage in using groups of experts to produce a map but then the 
elicitor is faced with the difficulty of preventing dominant personalities from imposing their view on the group. 
Tale 9.1 A summary of the lessons learnt about Phase I of the KB approach adopted 
during the AA study 
2 Phase 11 - Discussion of the "Composite map " and "Sub-ma'os" Questions Derived 
from the CATWOE Elements. and the Development of Root Definitions and 
Conceptual Models 
The elicitor had expected the production of the composite map in the AA study to be a 
difficult and time-consuming process but on reviewing the ten maps discovered that 
many of the named activities were common to different maps. Consequently, the 
composite map was easier to produce than had been anticipated and in this case the 
elements identified were divided into three separate maps, referred to here as 'sub- 
maps', that seemed, to the elicitor, to represent three levels of activity that had been 
popularly identified by the experts in their own maps The elicitor was aware that both 
the composite map and the three sub-maps were her own interpretation of the situation 
as presented by the different experts and were, therefore, likely to contain her own bias 
and prejudice. In order to reduce the effect of elicitor bias as far as possible the elicitor 
was at pains to make clear to the experts at the second meeting that this was her 
interpretation of the domain and as such was offered for comment/criticism. 
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As described above the experts were encouraged to alter any of the sub-maps and move 
elements around if they felt that they could represent the situation more fruitfully. Most 
of the experts made some amendments. Interestingly, although the experts made 
changes to the maps, only two of the experts challenged the three-way division of the 
composite' map, one adding another map and a second rejecting the third map 
completely. This acceptance of the author's three-way division seemed to suggest that it 
was a division' familiar to the domain experts and one which reflected the AA's 
organisational structure, its history and tradition as a "members club", and its approach 
to personnel. 
The composite map and sub-maps provided a useful means of reminding the expert (and 
elicitor) of the previous session and the discussion that had taken place (phase I). Two 
of the experts, both of whom can be described as "forceful" characters, seemed to find it 
difficult to accept the composite map as a view built up from interviewing all ten 
experts (eg. ham. 2; lac. 2), and' indicated that not all of the elements illustrated were 
consistent with their own view. However, the discussion of why they felt the map was 
misrepresenting the situation proved a valuable means of investigating the apparent 
different' opinions. As described above, this problem of certain individuals imposing 
their view on the situation was one of the reasons group discussions were not attempted 
during the research. The maps also proved invaluable as a means of highlighting the 
language and jargon used by different experts (eg. the use of the word "customer" has a 
different 'connotation for company service groups than it does for those groups serving 
the AA membership (hol. 2)). 
After having discussed the composite and sub-maps the expert's understanding of the 
activities encapsulated within each of the sub-maps was explored further using 
questions derived from the elements of the CATWOE test in SSM. An important part of 
this phase seemed to be the elicitor's ability to ask the CATWOE questions in a way 
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that made them understandable to the different experts (different in terms of areas of 
responsibility and in willingness/ability to relate abstract questions to the domain under 
investigation). Of particular use in this instance was the advice and clarification given 
by Checkland (1981. pp224-225) regarding the meaning, of the CATWOE elements. 
The most difficult question; seemed to be the one involving the "Transformation" 
represented by the identified set of activities. The elicitor noticed that in the case where 
the expert had spent time carefully considering the composite map and sub-maps the 
definition of the transformations involved was easier (eg. atk. 2; bod. 2). 
A potential difficulty concerning the use of the CATWOE questions relates to their 
relatively abstract nature and to the fact that in spite of the elicitor explaining the aim of 
this phase of KE, there is no visible framework for the expert as he/she is asked these 
questions except for reference to the sub-maps that the expert had commented upon (eg. 
ham. 2). This problem was overcome to some extent by the fact that the same questions 
are asked for each map Land so tend to become familiar at the second, third or even 
fourth asking. After several interviews the author adopted the practice of writing the 
answers given by the expert to each of the "CATWOE questions" on the sheet of paper 
containing each sub-map as a means of providing the expert with a framework for this 
part of the KE process. 
The expert was not asked to define the "W" behind his view; this was left to the elicitor 
so that when developing the root definition she could state explicitly what she perceived 
the expert's "W" to be. This practice is not unusual in the use of SSM (Checkland, 1981. 
p225). In practice the author found that "W" was generally easy to identify in that it 
could be seen to relate to the expert's description of the transformation carried out by 
the system. The elicitor's - definition of "W" was supplemented 
by the information 
produced by the expert at Phase I and, thus, illustrates the importance of the iterative 
process of the approach. Having collected the expert's description of each sub-map the 
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elicitor constructed a Root Definition (RD) and developed this into a Conceptual Model 
(CM). 
A potential problem at the RD/CM stage that might be pointed out is that it is the 
knowledge elicitors interpretation of the expert's thoughts disclosed during the KE 
process that is recorded in the RD and CM. For example, a case may arise where the 
expert feels that the elicitors interpretation of the domain, as described in the composite 
map and sub-maps, is inconsistent with his own view but does not like to challenge the 
expert's view openly. However, the practice of the elicitor developing the RD and CM 
was a conscious decision influenced by the constraint upon 
the expert's time that did not 
allow for a joint RD and CM to be developed by expert and elicitor and the difficulty 
that this process would represent to the expert if required to perform the set task alone'. 
A third and important reason for adopting the approach described was that through the 
development of the RD from the questions derived from the CATWOE elements and 
the CM from the RD, the knowledge elicitor would undergo a learning process that 
could be enhanced through the discussion with the expert relating to the CM at Phase 
III. This third point proved to be most important because the rigour of the process 
forced the elicitor to think carefully, about what had been divulged by the expert and 
also to try and understand the "W" behind the view that had been expressed. The result 
of the application of this phase was perceived to be a reduction of the pressure placed 
on the expert (in that he/she was not' required to give a faultless description of their 
thoughts and beliefs), and to facilitate the knowledge elicitor's learning process about 
the domain using the expert's own revelations and thoughts. 
An important lesson learnt at this stage was that this process of RD and CM 
development should neither be taken in isolation as a separate and unconnected stage 
of 
KE but should draw upon the information provided by the expert at Phase I, nor should 
it be treated by the elicitor as a linear process but as an iterative means` of finding out 
and learning for the knowledge elicitor and, potentially, also for the expert. For 
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example, the expert's answers to what will be referred to as the "CATWOE questions" 
should be reviewed and considered in the light of what was learnt at the earlier phase of 
KE as a means of identifying the expert's underlying "world-view". 
In a practical sense Phase II was the most difficult of the three phases for both elicitor 
and expert. The abstract nature of the CATWOE questions emphasised the importance 
of the need to make the purpose of this phase of the approach clear to the expert so as to 
ease his/her understanding. The elicitor attempted to discuss the sub-maps and ask the 
CATWOE questions in non-systems terminology in order to avoid the introduction of 
new concepts and jargon and for this purpose prepared a series of questions that 
incorporated the CATWOE elements. However, on several occasions, the elicitor found 
herself slipping into referring to the sets of activities as "systems" which was picked up 
and used by the experts themselves. 
For the knowledge elicitor, the production of the RD from the CATWOE questions was 
a difficult process but invaluable in forcing the elicitor to think carefully about the sets 
of activities, or systems, as defined by the experts in the maps and helped to highlight 
areas that were unknown or unclear to the elicitor. Each RD went through numerous 
editions until one was reached that the elicitor believed represented the expert's views as 
portrayed in the answers to the CATWOE questions, the map they produced at Phase I 
and any additional information gained in discussion. 
The process of developing the CMs from the RDs was time-consumin- Ir the elicitor 
but since this activity could be undertaken away from the pressures of the interview 
room it offered "the opportunity for the elicitor to think carefully about each of the 
systems described. The activity of developing the CM from the RD became easier with 
practice but the difficulty of this phase convinced the author that such a process could 
not reasonably be expected to be performed by the expert unless either considerable 
time was available or they were familiar with the approach used. As might be expected, 
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the author also felt that her previous understanding of 'systems' thinking, and in 
particular SSM (from which this aspect of the approach has been 'borrowed'), played an 
important part in enabling her to conduct this part of the KE process. 
When developing the root definitions the elicitor resisted the temptation to produce 
"clever" RDs (Checkland, 1981. p167) to describe the system of interest defined by the 
expert. Instead, she attempted to develop a root definition that represented the expert's 
revelations as closely as possible using, whenever appropriate, concepts and language 
used by the expert. In this way the CM and the learning that goes with it for the elicitor 
seems most likely to be enhanced and explored through subsequent discussion. 
Experience of the KE process indicated that "radical" views (ie. ones that might be 
considered to be inconsistent with 'culturally' accepted views), can be identified and 
'followed up' if thought likely to be enlightening. 
In the feedback after the session at this phase three of the experts said that they had 
some difficulty at first understanding the purpose of the task but once this had become 
clear they had no real difficulty in answering the questions (sco. 2; uph. 2; eas. 2). Three 
other experts commented that the approach used made them think about the whole 
situation they had previously described in a way that they had not done so before which 
in itself was difficult but fruitful (uph. 2; bod. 2; madbl. 2). These experts found the 
exercise useful and thought-provoking. The approach was seen to help focus and 
structure the discussion (eg. madbl. 2; sco. 2; uph. 2; hol. 2), with one expert explaining 
that without the help of the approach "we'd doubtless have lost our way" (atk. 2). An 
interesting point was raised by one expert who said that he found answering the 
CATWOE questions difficult until he placed them in the context of his experience of 
the AA (eas. 2). Specific reference to the host organisation seemed to be of benefit since 
it is the expert's views on the domain as it exists in its context (eg. the organisation in 
which the expert system is to be implemented), that is generally sought during the 
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process of KE. It seems worthwhile, therefore, to stress this context when asking the 
CATWOE questions. 
The framework that the . approach provided at 
Phase U was of great value to the 
knowledge elicitor in that it provided a series of domain-independent and relatively 
abstract questions that could be asked and which, if necessary, could be returned to 
when greater understanding on the part of elicitor and/or expert was achieved. An 
important point to be made is that this framework did not appear to impose itself upon 
the KE process. The experience gained of the use of Phase III during this exercise 
suggested that, if used competently, it provided the means of eliciting a considerable 
amount of detail. The presence of such a framework also meant that the elicitor was not 
afraid to allow the expert to digress since she had the framework within which to work 
and refer back when necessary. 
An interesting lesson learnt regarding the idea of having a framework of domain- 
independent questions came from an interview with a "new" expert. This expert had not 
undergone Phase I of the approach and so it represented an opportunity to see how the 
composite map and sub-maps could be used to represent the elicitor's understanding of 
the problem situation to date and to use the CATWOE questions as a means of 
structuring discussion with this new expert about the domain. The expert seemed to 
understand the situation expressed in the maps very quickly and seemed to have no 
difficulty in answering the CATWOE questions, giving useful and appropriate 
information from which the elicitor was able to develop root definitions and conceptual 
models. 
. 
This "new" expert admitted that without the guide-lines offered by the 
CATWOE questions she would have been at a loss to know where to start since 
management training was her job and so she knew a great deal about this subject area 
(bod. 2). She felt that the questions asked of her helped her to organise and direct her 
thoughts and allowed her to give specific and useful information (bod. 2). to the expert's 
own ability to well. However, it is argued here that the approach to KE used at this 
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phase complimented the expert's own ability to pick up ideas quickly, listen to what was 
said, and communicate appropriately well and, therefore, enabled her to make a 
valuable contribution to the elicitation process. 
One further practical point is that Phase U needs to be conducted where there is plenty 
of space to view the different maps properly so they can be discussed and compared (eg. 
ham. 2; eas. 2; uph. 2). A useful lesson learnt was the advantage of writing the expert's 
answers to the CATWOE questions on the map so that the expert could review what he 
had said and be prepared for the same questions the next time they were asked. This 
seemed to " provide a 
.. 
practical way of both reassuring the expert that the information 
he/she gave was appropriate and of overcoming any feeling the expert might have of 
being kept at a distance during the session (eg. not being privy to what was being asked 
and what he/she had replied (e(, -. ham. 2)). 
The lessons described in section 3.2 regarding the practice of phase II of the KE 
approach used are summarised in Table 9.2. 
Lessons learnt from the AA Study - Phase II - Defining the activities 
named as being relevant 
to the domain of 
expertise 
Potential strengths - Phase II 
(i) Development of composite and sub-maps encourages elicitor to make his/her 
understanding of the domain explicit and highlights areas of poor 
understanding 
(ii) Showing the composite and sub-maps to the expert provides a way of 
engendering further discussion which can take into account the views of other 
experts which have been incorporated into the composite map. eg. to 
highlight 
use of language, jargon. 
(iii) Composite and sub-maps provide a useful reminder of the results of the 
previous phase of the KE process for both elicitor and expert. Can also be used 
to introduce "new" experts into the KE process. 
Table 9.2 con's... 
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(iv) Use of domain-independent questions (derived from CATWOE elements) to 
elicit further information. This encourages expert to explore his/her views from 
a different angle. The questions do not seem to. i repose an "answer" upon the 
expert but provide a framework to elicit information to help structure and 
develop a description of the activities defined by the expert. The answers to the 
CATWOE questions enable the elicitor to work away from the expert and the 
pressures of the interview room. 
(v) Development of RD and CM provide elicitor with a learning process that 
encourages the elicitor to question his/her own interpretation of the expert's 
view of the domain. The task of making the "W" explicit means the elicitor has 
to appreciate the view of the expert as revealed throughout the KE process. This 
point emphasises the importance of the iterative nature of the KE approach. 
(vi) CATWOE questions, RD and CM processes help to alleviate the amount of 
pressure placed on the expert by the KE process. 
Pdtential Problem Areas - Phase II 
(i) Plenty of space is needed at this phase so that the maps can be observed and 
discussed 
(ii) Elicitor bias, prejudice and assumptions may be built into the composite and 
sub-maps. Experts need to be encouraged to criticise these maps as the elicitor's 
interpretation of the domain based upon the views elicited from all participating 
experts. 
(iii) Expert may not like to challenge the elicitor's interpretation offered in the 
composite and sub-maps 
(iv) Process of RD and CM construction is time-consuming and is a process which 
needs practice and the knowledge elicitor needs to have some knowledge of the 
systems-based approach from which the elements are borrowed. 
(v) Process of asking CATWOE questions and recording answers is tiring for the 
elicitor. 
(vi) Lack of visible framework for expert at stage of asking CATWOE questions - 
can be overcome to some extent by writing down CATWOE mnemonics and 
expert's replies to these questions in a place that the expert can see. 
Table 9 
.2A summa_y of the 
lessons learnt about Phase II of the KE approach adopted 
during the AA study 
3 .3 Phase III - Discussion of the Conceptual 
Model 
An interesting and reassuring lesson learnt during Phase III (discussion of the 
conceptual model built from the root definition which was developed out of the expert's 
answers to the CATWOE questions), was that the CM seemed to reflect the expert's 
thinking about the activities identified in the maps at the previous phase of the approach 
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(eg. compare eas. 1, eas. 3; atk. 1, atk. 3; uph. l, uph. 3; and hol. l, ho1.3). This would seem 
to suggest that the KE process up to the development of the CM does allow the expert's 
thoughts about the activities named in the maps to be made explicit. These "thoughts" 
do not seem to be "harmed" or distorted through the elicitor's interpretation, presumably 
because of the continuous learning and feedback cycles embedded within the approach 
which encourage the elicitor to learn about the expert's view of the domain. This is not 
to suggest that the process up to the development of the conceptual model is solely a 
matter of eliciting the expert's thoughts about the domain: although the process of KE 
described here seeks to enable personal, or tacit, knowledge to be expressed verbally 
this is achieved by and through the process of learning that results from the inquiry into 
the domain. 
It was interesting to hear the experts explain the different activities in the CM and to 
watch how the. session seemed to work as one long, whole discussion, with one point 
running on to the next, rather than- as an interview composed of discrete questions and 
answers (eas. 3). This observation seemed to reinforced by one expert who explained 
that the approach helped him to "confirm relationships and structures" of the activities 
under discussion and that without the framework provided by the approach he felt the 
discussion would have been unstructured and mostly unusable (atk. 3). 
This stage of the approach also demanded a discussion at a far greater level of detail and 
this seemed to be reflected by the experts explanation that they felt happier talking with 
reference to their own department and experience (atk. 3; eas. 3; uph. 3). Only one expert 
still attempted to talk at a theoretical and general level of 'detail and avoided all attempts 
by the elicitor to encourage him to give specific examples (lac-3). 
The results of the learning -process undergone by the elicitor was emphasised at this 
stage since it was noted that although before the study she had little knowledge of the 
domain subject, by this stage of the elicitation process she was able to discuss the 
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subject in some detail with the expert without the expert feeling that the questions she 
asked or comments she made were misplaced or uninformed (eg. lac. 3, hol. 3) 
The fact that the conceptual model is a logical representation of a set of activities meant 
that, for the most part, the elicitor was able to follow the expert's line of reasoning 
(atk. 3). If digressions did occur it was relatively easy for the elicitor to bring the 
conversation back to the original point of discussion. The elicitor felt confident in this 
ability and, therefore, there was no `pressure to keep the expert "on line" for fear of 
losing the thread of the discussion in a mass of detail. This was particularly useful with 
"difficult" experts such as those who talked incessantly (eg. lac. 3). However, the 
potential dangers of using a logical framework were also in evidence in that any 
illogical or ill-expressed explanation given by the expert (eg. lac3), can be highlighted. 
Such a tool needs careful and tactful handling in order to avoid resentment on the part 
of the expert but can also provide openings for valuable discussions between expert and 
knowledge elicitor. 
The conceptual model seemed to-provide a useful means of structuring the discussion 
between expert and knowledge elicitor. The elicitor noted that the experts often picked 
up the paper model, pointing to the different activities as they talked through them, 
answering the questions asked by the elicitor. It seemed that having the conceptual 
model in frönt of him/her allowed the expert to follow, or even anticipate, the questions 
being asked as well as being able to use it as something against which to check his/her 
own thoughts and understanding of the domain (atk. 3). It was also seen by one expert as 
being avaluable overall picture of what was being discussed (eas. 3). A potential 
problem here is that the conceptual model could be seen as leading the expert in his 
thinking but since the conceptual model resulted from the expert's own thoughts on the 
subject and the interpretation of these thoughts by the elicitor that had been viewed and 
"corrected" by the expert, this should alleviate the danger of this criticism. 
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A result of phase III was that the elicitor and expert were able, through the discussion, 
to identify those areas that were more applicable to a rule-base (eg. rules followed, 
company guide-lines, policies, past customer records), and those areas which depended 
more on experience and intuition (eg. atk. 3)., and, consequently, were more difficult to 
discuss (eas. 3). Such areas, it is argued, may be investigated and better understood 
through further iterations of the approach. In one interview (hol. 3) a further iteration of 
the CATWOE questions, root definition and conceptual model was carried out and the 
expert re-questioned about the resulting, conceptual model. The expert in question had 
been one of the original PARYS "champions" and had played a leading role in the 
development of the PARYS knowledge-base. The information elicited from the expert 
as a result of the applications of the author's approach to KE closely reflected the 
information originally elicited by the PARYS development team, over a considerable 
length of time (hol. 3). This result can be interpreted in two ways: first of all, it may 
have been that the experience of developing the original PARYS knowledge-base had 
enabled the expert to verbalise her thoughts on the subject and "bend" the KE approach 
used by the author to fit her own view. There is, however, a second interpretation of this 
point which is more in keeping with the overall lessons learnt from the study: although 
this expert was familiar with the domain, due to her previous involvement with PARYS, 
the approach used in the research provided a framework which helped the expert to 
explain her views in an ordered manner. In this respect, the approach used during the 
research differed significantly from what was described by the expert as a 
"brainstorming" approach to KE used by the original PARYS development team. 
An important point made by one of the experts was that the KE approach that was used 
had enabled a considerable amount of detail about various identified activities to be 
elicited and had also provided the context within which these activities existed (lac. 3). 
On a practical level this phase proved tiring for the elicitor in that she was trying to ask 
questions and understand and record the expert's explanations (eg. atk. 3; hol. 3). Once 
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again these difficulties argue for more than one elicitor at the session. In comparison to 
the elicitor, the experts did not appear to find this phase too difficult but generally 
seemed to be interested in and enthused by the discussion motivated by the CM. 
A final point to be made here which refers to all three phases of the research, but 
particularly to phase III, is that of documentation. Although the different phases 
encouraged continuous documentation at times the additional information that the 
approach produced outside the planned phases of the approach was difficult to record. 
This was especially true during phase III where the quantity and detail of information 
provided by the experts made it difficult to record it fully. This problem suggests the 
need for some other way of capturing the information gained from the discussion at this 
level which is able to compliment the procedure at phase M. 
Table 9.3 summarises the discussion above concerning the lessons learnt about phase III 
of the author's approach to KE. 
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Lessons learnt from the AA Study - Phase III - Use of the agenda 
developed from the 
conceptual model to 
explore the expert's 
definition of the 
domain in more detail 
Potential Strengths - Phase III 
(i) The conceptual model seemed to represent the state of the expert's thinking 
about the domain, ie. the expert's view may have developed since the beginning 
of phase I but this development was reflected in the conceptual model 
(ii) The discussion of the conceptual model provides a continuous learning process 
for the elicitor and the expert. Areas that are poorly-understood by either the 
expert or elicitor may be identified and reviewed. 
(iii) The conceptual model as a representation of purposeful activity seemed to 
encourage a discussion of the activities in the model in a way that was directed 
by the expert rather than by the elicitor. 
(iv) The learning process afforded by the whole KE approach can be demonstrated 
at phase III by the elicitor's ability to talk in some detail about the domain. 
(v) The discussion resulting from the conceptual model seems able to generate 
detailed information about the domain which further iterations of the approach 
may increase. Rule-type information may be identified that can be extracted for 
use in the expert system knowledge-base. Other information may be identified 
that is difficult to express in rule form which may help to provide a context for 
the "rules" or may be further investigated by means of the process of inquiry in 
an attempt to express this knowledge as rules. 
Potential Problem Areas - Phase III 
(i) Difficulty of recording all that the expert says when discussing the conceptual 
model; a tiring process for the elicitor. 
(ü) Difficulty of structuring knowledge elicited for use in the expert system 
knowledge-base, eg. constraints of expert system technology 
Table 9.3 A summary of the lessons learnt about Phase III of the approach to KE used 
in the AA study 
4. SUN MARY 
In this chapter the operationalisation of the ideas advanced in Chapter Seven has been 
reported and the different lessons learnt about each phase of the practical KE approach 
adopted have been presented and discussed. The following chapter concerns the second 
and third KE studies which were conducted in the light of the lessons learnt about the 
KE approach adopted during the AA study. 
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CHAPTER TEN 
THE KNOWLEDGE ENGINEERS STUDY AND THE SEMINARS STUDY - 
PRACTICAL ASPECTS AND LESSONS LEARNT 
"Oh, yes - experience. Learn from bitter experience, and you'll see a lot 
clearer the second time" 
(H. Ibsen, The League of Youth, Act ii) 
ITNrRODUCTION 
In Chapter Nine the main KE study, which took place within the Automobile 
Association, was described and the lessons learnt from the study were then discussed. 
Chapter Ten begins with a description of the practical aspects of the second KE study 
which involved three practising knowledge engineers. The approach to KE adopted was 
influenced and directed by the learning process from the first study. The lessons learnt 
from this second study are then presented and discussed within the context of the 
application of the KB process. 
The second part of the chapter records the third KE study which involved two one-day 
seminars during which the author's ideas on KE were presented to two groups of 
managers who were attempting to overcome the difficulties of developing their own 
expert system knowledge-bases. The approach to KE that had developed out of the two 
previous studies was "taught" to these managers and their observations and reactions 
arising out of this exercise were used to provide more information on the applicability 
of this approach to KE in a practical business situation. The description of this study 
is 
followed by some comments relating to the lessons learnt from the two seminars. 
Most of the lessons learnt in the second and third KE studies serve to emphasise what 
had been learnt in the major AA study. It is not the intention here to repeat these lessons 
but only to highlight interesting and/or new points regarding the use of the KE approach 
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developed during this research. Section 6 of this chapter reports upon some general 
lessons about KE leamt as a result of all three studies. These lessons are related with 
reference to the description of the problems of KE set out in Chapter Two. 
2. THE KNOWLEDGE ENGINEERS STUDY 
In the second KE study the elicitor interviewed three practising knowledge engineers 
(the conventional term "engineer" is maintained here since this is how the experts 
referred to themselves). The steps of the KE process undertaken with one of these 
"experts" are described to illustrate the nature of the second study and the way in which 
the KE approach had been developed as a result of knowledge and experience of the 
approach gained from the AA study. 
2.1 PhaseI - The Map 
The interviews with this expert took place in the expert's academic institution over the 
23rd and 24th of November, 1989. The first two phases of the interview took place in a 
small interview room. In addition to the expert and elicitor a second member of the 
research team was present to take notes about the KE process undertaken. For this 
purpose, the standard interview documentation sheet, as used in the AA study, was 
adopted. 
As in the AA study, the elicitor began by confirming confidentiality and explained that 
she was interested in exploring the use of a particular approach to help in the elicitation 
of the expert's thoughts and views on the subject of KE. The elicitor then produced the 
example of the map illustrated above in Figure 9.1, and explained it to the expert, which 
took approximately two minutes. The expert asked several questions about the map and 
the way in which it could be used. The elicitor took care not to lead the expert in the 
way that he used the map and encouraged him to develop the map in any way that he 
felt helped him to represent his views of the problem domain. The elicitor suggested 
that a useful domain to be explored during the session was that of "matching types of 
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expertise to different KE techniques" since this was an area in which the expert had 
published several articles. The expert agreed to use this problem area as the centre of his 
map and proceeded to provide elements relevant to this problem domain. In 
approximately two minutes the expert had produced a map containing 7 secondary 
elements (gam. I). 
The elicitor asked the expert to explain his map which he did, taking a further 15 
minutes (gam. 1). At the end of this explanation the elicitor asked the expert whether he 
felt he needed to add to or amend his map in any way. The expert suggested that three 
of the elements seemed to be especially closely connected and could possibly be viewed 
as "nested" elements. As a result of this suggestion the elicitor clustered the three 
elements together. The resulting map-is reproduced in Figure 10.1. 
1 
II 
i 
VZ 
{ 
sý 
J 
3 
4 .ý 
Fizure 10 .1 Expert's man showing elements relevant to the problem of 
"matching tunes 
4f expertise to-different KE techniques" 
I 
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The elicitor 'explained that this was the end of Phase I but the expert was willing to 
continue and so Phase II was begun immediately. 
2.2 Phase II - Defining Map Elements as "Systems" by Using_Ouestions Derived from 
CATWOE Elements to Help Construct Root Definitions and Conceptual Models 
The elicitor explained that in Phase U the aim was to define the elements identified in 
the map in greater detail and in order to do this a particular approach to help provide a 
framework for formulating questions would be adopted. The map now contained 5 
elements (3 having been clustered together) and the questions derived from CATWOE 
were then worked through, as in the AA study, so as to build up a description of the 5 
different elements. After the 3rd element the expert was given the opportunity to break 
the session but he said that he was not feeling weary and suggested, therefore, that-the 
session should continue. Phase 11 took approximately 46 minutes (gam. l). 
At the end of the session the expert agreed to complete the questionnaire seeking 
information about his experience of the approaches used (this time covering both Phases 
I and II) which is reproduced in Figure 10.2. 
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Quescions co be asked of incerviewee (exoer: ) 
atcer eomolecion of cne casK 
Dare: 23 (11! fr`i 
. vame: 
1) How did'=you feel during the interview? e. g. did you feel 
pressurised, comlarcable, ill-ac-ease with the approach? 
2) Was the example of the approach given clear enough? 
7ýes 
3) What were your main difficulties (it any), wich this exercise? 
NJ <W C7 
Did you find i: easy co carry out the cask? If noc, can You 
explain why? 
5) Did he approach used help co bring the area of concern into focus? 
.. so, how? 
7-: 5_ 50-Mr" IOFJ S t7 fAJ&- ! At? T ra! W%J &(%. (44 
I; '6P L-", rDP. -A. 1 ct t P'i 25 i -r -< 
6) Do you chi m the end result of this meeting would have been, any 
different if : had simply questioned you on the subject area? 
iM- 147 't5 IZA G 
7) Do you chink -. here is any advaecage :a using a 'piccorial* 
approach, such as the map, rather that, say, a list form? 
Ytý- ývtr PL'vctitE w-to2ýr4.. 4rtoº k: l . 
('C', 6(ý6. C 
S) Have you any advice to offer as to hov : his exercise could be 
improved? 
No 
9) Have you taken this exercise *seriously"? 11 so, can you qualify 
this? 
7 `ý _1 ýMwcrub -t rý aee"rr a,. a c7ý,. 1 'tM 4U.. r &,. 
ß''t7 k-11+t- `l %A$ G LA(' tt 
K-Y j4.. sP li 11 P Ref: Du/13.3.89 
Fire 10 2 Expert's comments relating to Phases I and 11 of the approach to KE 
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The expert commented that whilst discussing the last element he felt that he was 
beginning to tire. Although on the questionnaire the expert reported that he had no 
difficulties with the approaches used, the following day he said that he had been 
thinking about the experience and had decided that the most difficult part for him had 
been at the beginning of the map-drawing stage where he had been faced with a blank 
sheet of paper and he had experienced a momentary difficulty in "getting started". The 
expert suggested that if the first, central "bubble" had already been present on the sheet 
of paper given to him for the purpose of producing the map, the initial "blankness" he 
experienced initially may. have been alleviated. 
The limited amount of time available to the elicitor to review the information that had 
been collected meant that only one of the elements could be developed into a root 
definition and conceptual model ready for the Phase III session on the following day. 
The element that had been formed from the 3 "nested" elements was selected by the 
elicitor for this further exploration since it seemed to offer some interesting points for 
discussion of both a practical and theoretical nature. The root definition developed for 
this element is reproduced in Figure 10.3. 
"A project team-owned system to mould expert knowledge into a 
form compatible with known expert system technology in a way 
that will satisfy the expectations of the different team members" 
Figure 10 .3 Root definition 
developed from map element no. 1. 
The root definition was then developed into the conceptual model shown in Figure 10.4 
and re-drawn on A4-size paper ready for presentation to the expert. An agenda was also 
produced as a question and documentation aid for the elicitor during the Phase III 
session. 
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2.3 Phase III - Discussion of the Conceptual Model 
The Phase III interview took place on 24.11.89 in a large communal office. Only the 
elicitor and expert were present. The elicitor began by explaining how a short definition 
of one of the map elements identified by the expert on the previous day had been 
produced and developed into a model of the activities logically necessary in order that 
the activities described in this definition could take place. The elicitor took care to 
emphasise that the model was only a logical model and did not purport to represent 
what "was" or "should be". The expert was given a few minutes to view the conceptual 
model before the elicitor explained that the aim of this session was to explore the 
elements of the model in more detail to find out how, if at all, in the expert's opinion, 
the elements related to his view of the domain. 
In the ensuing discussion the expert reviewed each element of the conceptual model, 
one at a time, expressing his views on the subject. There was little need for the elicitor 
to question or prompt the expert since the conceptual model provided a framework for 
discussion that the expert appeared to recognise and use to help structure the way in 
which he explained his view of the domain. Interestingly, the expert suggested that 
some elements of the model represented areas that he had been aware of "avoiding" or 
choosing not to deal with in his work. Discussion of the conceptual model lasted 
approximately 50 minutes (gam. 1), which was considerably longer than had taken in the 
AA study but this is likely to have been due to (i) more time being allocated to the 
discussion of a single conceptual model, (ii) the fact that the expert had written a 
doctoral thesis on the subject of the problem domain and (iii) the conceptual model 
prompted some interesting and lengthy philosophical discussion. As in the AA study, 
the elicitor used the agenda for recording points made by the expert and an example of 
the document produced at this stage is given in Figure 10.5 
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On the completion of the Phase III interview the expert agreed to complete the standard 
questionnaire about his experience of the KE approach used which is reproduced in 
Figure 10.6 below. 
Questions to be asked of interviewee (e)oert)' 
after eomolecion of the tISK 
{ 
Dace: JA-Lc -el Name: 
1) How did you feel during the incerviev? e. g. did you feel 
pressurised, comfortable, ill-ac-ease with the approach? 
ýtný, Wn. JyLý, 
2) Was the example of the approach given clear enough? 
3) +hat were your main difficulties (if any), with this exercise? 
+) Did you ! ind it easy to ea::, out the task? if toe. can you 
explain why? 
$) Did tee approach used help to bring the area of concern into focus? 
I: so, how? 
6) Do you to 
nk 
the and result of this meecin` would have been any 
different if I had simply questioned you on the subject area? 
7ý -tdL,. sa;. d 
(1j 
11, a r. w . ýý- 4w a ý.... ýcý. º º -p. i 
7) Do you think there is any advantage Jr. using a 'pictorial- 
approach, such as the map, racher than, say, a list form? 
8) Rave you any advice to offer as to how this exercise could be 
improved? 
Ka 
9) Have you taken this exercise 'seriously'? It so. can you qualify 
this? 
7vs - a, ýý. ýt. ýc 
Ref: DW/15.3.89 
Figure 10.6 Expert's comments relating to Phase III 
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The process outlined above was repeated in the other two knowledge engineering 
studies although time constraints prevented all three phases from being undertaken with 
the third knowledge engineer. The main difference between the Knowledge Engineer 
studies and the AA study was that in the former no "composite map" and "sub-maps" 
were developed. In the AA study, although eleven different experts were involved in the 
KE process, the aim was not to acquire eleven separate views of the domain but to use 
the different views expressed by the experts to enable the knowledge elicitor to build up 
a rich understanding, or appreciation, of the problem domain. For this reason the 
"composite map" and "sub-maps" were introduced by the elicitor as a means of sharing 
ideas between experts and "checking" the elicitor's understanding of what had been 
said. Lessons learnt from the practice of the KE approach during the AA study 
suggested that where there was no intention to use a number of different experts to help 
develop a single view of the domain there was no need to construct a composite map. 
Instead, each of the expert's map elements could be treated as representing a system of 
activity while the questions derived from CATWOE could be used directly to help 
provide the means of "converting" each map element into a description of a "system" 
that was part of the problem domain. As a result of this change in- emphasis from using 
multiple experts to develop a single wide-ranging view_of a domain to focusing upon an 
individual view of a domain the way in which the practical process of KE differed in the 
two studies is illustrated in Figure 10.7. 
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Practical application of Additional stages with multiple Phases I and II in the experts in the AA Study 
Knowledge Engineers Study 
Phase I 
1. Example of map given by 
knowledge elicitor 
2. Task given to expert - draw map of problem domain 
3. Explanation of map by expert 
and changes made to the map 
if necessary 
3(i). Analysis by elicitor of all the 
experts' maps into a "composite" map 
and "sub-maps" to make further 
discussion more manageable 
3(li). Knowledge elicitor explains 
composite map and sub-map to expert. 
Expert makes changes to maps so as to 
produce a representation of the 
problem domain that is acceptable to 
the expert 
Phase U 
3(iii). Expert asked to name maps so as 
to describe the set of activities that 
each represents 
4. Use of questions derived 4(i). Use of questions derived from 
from CATWOE elements to elicit CATWOE elements to elicit further, 
further, more detailed more detailed information about 
information about each element each sub-map 
identified in the map 
5. Production of RD by 
elicitor from the information 
gained from answers to 'CATWOE 
questions'. Construction of 
CM from RD and the production 
of an agenda derived from the 
activities of the CM 
Figure 10.7 con't... 
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Phase III 
6. CM shown to expert. Use of 
agenda to enable elicitor to 
structure and order questions 
regarding the possible real-world 
manifestations of the activities 
identified in the CM 
7. Extraction of infor- 
mation from discussion 
generated by CM and agenda 
appropriate to the expert 
system; identification of areas 
of the domain for further 
investigation, eg. iteration of 
the inquiry process 
Figure 10.7 The different KE approaches used in the AA and Knowledge Engineers 
tudv 
3. LESSONS LEARNT FROM THE KNOWLEDGE ENGINEERS STUDY 
All three knowledge engineers, as "experts" in the field of KE, said that they felt 
comfortable with the approach and did not show any problems in carrying out the tasks 
set. The first knowledge engineer (who is particularly interested in the problem of 
eliciting "tacit" knowledge), commented that the first two phases of the approach had 
meant that "some ideas lying tacit in my knowledge got expressed for the first time" 
(gam-1). 'T'his expert also remarked that phases I and 11 had enabled a "rich" discussion 
of the problem domain to take place. The same expert felt that phase III of the approach 
had prevented him from "rambling" and had encouraged him to talk specifically about 
the domain (gam. 1). 
The interview with the second knowledge engineer provided some useful learning 
points about the approach used and illustrated both a strength and potential danger of 
the approach. Through the use of the approach a particular area of the domain that the 
expert had "taken for granted", or at his own admission, had not paid much attention to, 
was highlighted (sna. 1). Whilst the result of such revelations may provide a. useful 
learning process it may also engender discomfort, embarrassment or even resentment on 
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the part of the expert. In such a situation it is easy to envisage that the expert might 
withdraw his/her co-operation. In this case the expert was recognisably defensive at first 
but towards the end of the session was noted to seem "excited" by the results of the 
process that he was undergoing and had begun to question his own thoughts about the 
domain of interest (eg. saying such things as "maybe I should have thought about the 
way that I elicit knowledge" (sna. 1)). 
With the second knowledge engineer it was interesting to see how the expert constantly 
used his map to talk around, adding more elements that provided further material for 
discussion which was largely directed by the expert himself. The elicitor's role of 
interviewer was greatly reduced and, on reflection, the approach used seemed to 
encourage the knowledge elicitor in the role of "pupil". On a practical note, this 
interview provided a useful lesson on the need to assure the expert of the confidentiality 
of what he said and to explain how the information gained was to be used (sna. 1). 
Although it may be presumed that if an expert agrees to take part in the KE process 
he/she is prepared to share his/her expertise, the. lessons leant from this study 
emphasised the notion of an expert's "ownership" of his/her knowledge and the need for 
the elicitor to respect this notion. 
The third knowledge engineer undertook only the first phase of the approach. The map 
he produced did not use "bubbles" but lines although he did not introduce any other 
diagrammatic techniques. It was later discovered that when conducting KE this expert 
uses a kind of spray diagram to represent and record the expert's knowledge. From the- 
map he drew it would seem that he had been encapsulating both the spray diagram and 
the map conventions (kee. l). 
The "map" produced by the expert engendered a fruitful discussion of the elements that 
this expert felt were most relevant to KE. Interestingly, the map seemed to reflect the 
points the expert made later on in the day in his presentation to the 
School. He 
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acknowledged that he had incorporated some points resulting from the discussion 
around the map into his presentation as they seemed important and relevant to his talk. 
This point may illustrate the way in which phase I of the approach facilitates the expert 
in making his thoughts about the domain and its structure explicit. 
An interesting criticism of the KE approach developed during the research was made by 
the third knowledge engineer as a result of showing him examples to illustrate phases II 
and M. As a result of these examples he suggested that the approach seemed to him to 
be somewhat "ephemeral" rather than practical (kee. 1). A possible reason for this 
judgement may have been that the examples shown to him were ones from the interview 
with the first knowledge engineer which included an intellectual discussion about the 
nature of expertise. However, this criticism is worth considering since it seems to relate 
to the process of constructing root definitions and conceptual models. It is perhaps not 
difficult to understand why a practising knowledge engineer who has little or no 
knowledge of the theoretical foundations of the author's approach to KE or the proposed 
key elements, views phases II and III as "ephemeral". The work conducted by the 
elicitor during these two phases is an important part of the elicitor's attempt to 
"appreciate" the expert's view of the domain and is time-consuming. This approach may 
be seen to conflict with the third knowledge engineer's view of the use of prototyping 
for KE as a) a means of keeping clients interested and b) a way of showing that 
expensive consultancy is producing quick results. 
The lessons learnt about the KE approach used with the three different knowledge 
engineers are summarised in Table 10.1. 
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The Knowledge Engineers Study 
Potential strengths of the KEapproach used 
(i) Usefulness of tailoring the approach used in the AA study for use with 
single experts, ie. the omission of the development of the composite and 
sub-maps. 
(ii) Phases I and II may help to make "tacit" knowledge explicit 
(iii) The KE approach used can help to highlight areas of the expert's knowledge 
that are inconsistent, illogical, or ill-conceived or that have been 'taken for 
granted'. This facility can generate a useful learning process. Alternatively 
this ability may cause resentment or discomfort for the expert and prompt a 
withdrawal of co-operation. 
(iv) The expert is able to direct much of the KE process, (eg. phases I and 1II), 
which at times allows the elicitor to play the role of "pupil". Consequently, 
the amount of influence that either the elicitor or the KE approach used 
places on the KE process may be decreased. 
(v) Elicitor needs to . respect the expert's ownership of the 
information elicited 
to help insure the expert's continued co-operation. 
Potential Problem Areas 
(i) Problem for expert with respect to facing a blank page at the start of Phase I 
- this may inhibit the expert 
(ii) Phases I and II may be viewed as being "ephemeral" rather than practical. 
Table 10 1 Summary of the lessons learnt about the KE approach used in the 
Knowledge Engineers Study 
4. THE SEMINARS STUDY 
An invitation by Unibit (Holdings) plc to give two one-day seminars to their clients on 
the subject of the author's research into KE provided the opportunity to present the KE 
approach used and developed during the previous two studies to managers who were 
experiencing the difficulties of developing the PARYS knowledge-base in a way which 
reflected their organisational needs. Each of the seminars consisted of a number of 
presentations interspersed with "practical" sessions where attendees were given the 
opportunity to put some of the ideas which had been discussed into practice. 
The first part of the seminar involved "setting the scene" by describing the process of 
KE. Examples of popular KE approaches were given and attention drawn to what has 
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been suggested in the literature to be problems associated with these approaches 
(discussed in Chapter Two above). The author then outlined the apparent paradox that 
exists in the way that human expertise is considered to contain many personal and 
subjective aspects but which are then commonly neglected since they prove difficult to 
capture and elicit when using current KE approaches. Some key elements (as discussed 
in Chapter Seven) were identified as being important to a KE approach that sought to 
address these more subjective aspects of human expertise. The KB approach as 
developed and used in the knowledge engineers' study was then presented. 
The author used the example of the map dealing with the problem of buying a car 
(Figure 9.1), in order to introduce the map approach, explaining how it could be used to 
build up a picture of elements relevant to the problem domain. The attendees were then 
given the -opportunity to develop their own" maps for which approximately 15-20 
minutes was allocated. It was suggested that attendees should discuss their maps with 
each other which they did, producing much discussion. 
In the afternoon session, the audience was introduced to the need to explore the 
elements of the map in greater detail. Playing the role of the elicitor, the author 
requested them to select one element from their map and using the questions derived 
from CATWOE, helped them specify the element they had selected. The attendees were 
then asked to develop a sentence describing the map element in a way which 
incorporated their answers to the CATWOE question. Since one of the aims of the 
seminars was to teach the KE approach, the CATWOE elements were made explicit to 
the audience so that the roles of both elicitor and expert and the process undertaken by 
each could be demonstrated. 
Time constraints did not allow the following stages of the approach to be developed at 
an individual level. Instead, an example of the three phases were then used to illustrate 
the KE approach as a whole. The example used was the one that has served as an 
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example of the KE process undertaken in the AA study in the previous chapter (ie. 
uph. 1/2/3). 
Throughout the two seminars the attendees were encouraged to ask questions and 
discussion carried over into timetabled breaks. Although geographically separate, the 
two seminars were conducted to the same format. 
BESSONS LEARNT FROM THE SEMINARS STUDY 
Some interesting lessons were learnt from the seminars study which had not been 
apparent from the previous studies. One of the main concerns expressed by one group 
was that although they felt the approach provided a useful means of finding out about 
what the expert thinks, they were unsure as to how it would work practically in terms of 
"man-hours". This was an important observation since-one of the aims-in developing the 
KE approach was to decrease the amount of time that the expert needs to spend on the 
KE process. In order to confront this problem emphasis was placed upon the need for 
the elicitor to gain an "appreciation" of the domain, and if possible to be able to do this 
away from the interview room (ie. - the later stages of phase II). However, a valuable 
point was made during one of the seminars from a representative of a large International 
Management Consultancy Group to the effect that: "if the company wants to solve a 
problem they find the time" (West, 24/5/90). Another useful practical lesson which 
arose out of a group discussion during one of the seminars was that the time factors 
involved in the approach, especially in phase II, suggested that outside "consultants" 
should be employed as knowledge elicitors to direct the KE process if this approach is 
adopted rather than experts attempting to use the approach to elicit their own views. 
During the seminars participants quickly learnt the concept behind the- map and 
suggested different ways in which the- map could be used. For example, they suggested 
that it might be possible to explore how, if at all, an expert's understanding of a domain 
develops by comparing maps drawn by the expert over a period of time. This would 
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seem to offer a means of exploring the dynamic quality of an expert's view of a domain 
of expertise and may provide a further- interesting study for research. Finally, the 
author's idea that the map could be a useful means of engendering discussion between 
those participating in the KE process was demonstrated in practice since, as a part of the 
seminar, participants were required to produce a map and discuss it with their 
colleagues. Even though the majority of participants had never met before the seminar 
they were seen to become quickly involved in discussions with their colleagues about 
their ideas on the subject chosen for exploration. The discussion, then, appeared to be 
facilitated through the medium of the map. An important characteristic of the KE 
approach presented was recognised by one participant who summarised the approach 
saying that "it's unstructured but it's structured" (West, 22/5/90). 
The practical experience of using the map with groups of managers rather than with 
individuals highlighted both a strength and a potential problem with the approach. The 
concept of the map was quickly picked up and deemed by the participants to be 
something they felt that they could use in helping them to construct their knowledge. 
bases. The participants also had their own views on the way in which use of the map 
could be developed further. -Unforeunately, those seeking"a "quick and easy" solution to 
their KE problems tended to see the map as a KE approach in itself and, consequently, 
minimised the importance of the more complex second. and third phases. Compared to 
the ease with which they learnt about producing a map, some of the participants seemed 
to find the second and third phases of the approach difficult. There was the implication 
by some of the group that the latter two phases of the approach were not practical, or at 
least were not as easy to understand and use without further "training" on the approach. 
This observation was not entirely accepted by other participants who, whilst agreeing 
that the whole approach needed time to learn, they felt that it was practical and of 
potential value. A suggestion made about the way in which the map could be developed 
as a KE technique in itself was made by one of the seminar participants. He suggested 
that each element could be treated as the central element of a new map and so be 
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broken-downy to 'explore' the activity further, repeating this process as many times as 
proved useful (West, 22/5/90). This suggestion would seem to offer a way of covering 
fairly well-understood 'aspects of the domain rapidly. Difficulties may arise with this 
approach when the element chosen for further analysis is at a relatively abstract level of 
detail. However, it may well be that at this point Phases II and III of the proposed KE 
approach could be adopted. It may be that in this manner, the strengths of the map could 
be exploited to the füll whilst maintaining the ability in inquire more deeply into those 
elements of, say, a second- or third-level map. 
Despite some of the concerns voiced during the seminars surrounding the practical 
implementation of Phases II and III of the approach as described above, the majority of 
the seminar participants recognised the importance of the underlying key elements of 
the whole KE approach and were sensitive - to the problems that the author was 
attempting to address (eg. (i) to facilitate an appreciation of the domain, (ü) to present 
an holistic approach to KE, (iii) to encourage a learning process for both elicitor and 
expert, (iv) to produce good documentation, (v) to avoid the imposition of the KE 
technique's own structure upon the KE process, (vi) to make the different actors' bias, 
prejudice and assumptions explicit and (vii) to avoid the direct influence of technology 
upon the KE process as far as is practically possible). 
Table 10.2 outlines the main lessons learn about the KE approach as taught to the 
participants in the two seminars. 
252 
The Seminars Studv 
Potential strengths of the KE approach used 
(i) Potential use of, the map to explore the way in which an expert's view of the 
domain changes over time 
(ii) Use of the map to help engender discussion between individuals 
(iii) Usefulness of the map as a framework for discussion that does not impose its 
own structure on the way that the exploration of the domain is conducted. 
(iv) The recognition by participants that the whole approach offers a way of 
structuring the KE process without imposing this structure on the way that 
the expert's knowledge is elicited. 
Potential Problem Areas 
, 
(i) Phases U and III of the approach are time-consuming which may suggest that the. 
approach is best used by a consultant knowledge elicitor rather than by the 
experts themselves or organisational members taking on the role of knowledge 
elicitor. 
(ii) The simplicity of the map tempts those learning the KE technique to adopt 
the map as a KE approach in itself at the expense of the important but more 
complex second and third phases of the approach. 
Table 10 
.2 
Summary of the lessons learnt about the author's approach to KE as 
discussed durinz the seminars study 
6 LESSONS LEARNT ABOUT THE PROBLEMS OF KE FROM THE THREE KE 
STUDIES 
In the first two KE studies the author took the role of the knowledge elicitor which 
provided her with both practical experience of KE and of many of the points raised in 
the literature concerning the problems of conducting KE" The nature of the third study 
meant that the role of elicitor was also experienced by the seminar participants who, as 
illustrated above, provided some interesting comments about the KE approach taught to 
them. In this section, the different problems encountered by the author relating to the 
roles of the knowledge elicitor, the expert, the user, the KE techniques used and the 
choice of domain are discussed. 
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6.1 The Role of the Knowledge Elicitor 
(a) The acquisition of KE skills 
The author's experience as knowledge elicitor in the three studies helped her to 
recognise the importance of this role during KE and the different kinds of pressures and 
responsibilities that this role entails. In practice it is the knowledge elicitor who is 
responsible for organising meetings and providing appropriate tools and techniques so 
as to ensure that interviews are productive. As is expressed in the- literature, the ability 
to achieve these things involves a variety of skills on the part of the knowledge elicitor. 
One of the knowledge engineers in the second study stated his belief that knowledge 
engineers "are born and not made" (kee. l ), but the author's experience in the three 
studies convinced her that, although some of the skills required by the elicitor can be 
seen as being dependent upon personal characteristics, much can also be leant through 
experience and fundamental skills can be taught. A simple example, and perhaps one 
that is self-evident but nevertheless important, is that the elicitor needs to be familiar 
and capable in the use of any equipment used during the KE process such as an audio 
recorder. Some interview skills and techniques can also be learnt and mastered through 
practice. Tuition in these two aspects of KE and their practice in contrived exercises 
play an important part of the course offered by IBM on "Me Human Side of 
Knowledge Engineering", which the author attended after completion of the first two 
KE studies. 
(b) Knowledge elicitation and organisational 'politics'- the delicate nature of KE 
An important lesson learnt by the author, particularly in the AA study, was that as an 
"outsider" the lmowledge elicitor may be "used" in a political sense. For example, at the 
time- of the- author's involvement with the AA study, work on the development of 
PARYS had virtually ceased due to the three original members of the development team 
having moved away from the Human Resource Management deparanenr that was 
responsible for PARYS. This dissolution of the "system champions" had resulted in the. 
future of PARYS being uncertain, particularly as little practical benefit could, at this 
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time, be seen to have resulted from the project. There was some indication that the 
authors involvement could be seen as a way of keeping the PARYS project "ticking 
over" until a decision was made by senior AA management concerning the future of 
PARYS. Although the situation described is an example specific to this one project it 
does provide a useful lesson, namely, that the high cost of expert system technology, the 
characteristically slow progress and the personal nature of the development process in 
terms of an -individual's "expertise" may result in the knowledge elicitor becoming 
involved in "political" situations. It seems sensible advice for the knowledge elicitor to 
keep in mind the delicate nature of an expert systems project and to be aware of both 
the organisational structure :- and the context in ° which the expert system is to be 
developed (eg. this is a point discussed by Diaper, 1989. p30). 
(c) Understanding the host organisation/department's "culture" 
The knowledge elicitor's understanding of the "culture" of the organisation/department 
in which the expert system is being developed may also be seen as playing a potentially 
important role in facilitating the process of KE. For example, participants in the AA 
study described the organisation's "culture" as being strongly conservative, 
departmentalised and strongly infused with the notion of a traditional "members club". 
This "cultural" aspect was recognised by the author who noted that it seemed to 
influence the managers' willingness to co-operate in the project and seemed to underpin 
much of what was, said in the interview sessions. For example, two of the managers 
involved in the KE process were aware. of the importance of the AA's "culture" -and the 
influence it had upon their actions and way of thinking since, independently, 
both had 
suggested that certain of their opinions were probably "heretical" to the AA 
"culture" 
(ham. 2; atk. 2). An ability to recognise this "cultural" setting and the way in which 
it can 
influence the , organisational -members -is suggested here to be 
important to the 
knowledge elicitor as it may help to provide him/her with both a context 
for the work 
being undertaken and a means of encouraging rapport between him/herself and those- 
in 
the organisation involved in the project (eg. facilitate understanding of the underlying 
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informal structure of the organisation, as well as the formal, and help to establish a 
common language). 
- (d) The need for two knowledge elicitors 
On a more practical note, the need for there to be at least two knowledge elicitors at 
each session was made evident to the author during the three studies: it is difficult for 
one person to listen, understand, and record what has been said simultaneously (eg. at 
times it was impossible for the elicitor to fill in the standard interview sheet used in 
these projects and conduct the KE session). - Bell and Hardiman have recognised this 
practical problem of' conducting KE and recommend that two interviewees should be 
present to share the tasks of interviewing and recording the session (1989. pp68-70). 
There is a danger that the expert may feel intimidated by facing two elicitors but ways 
of helping to reduce this feeling can be found such as by arranging informal meetings 
before starting the elicitation session or by explaining to the expert that only one elicitor 
will be conducting the interview whilst the second concentrates on recording the 
session.. - 
(e) The danger of elicitor bias 
A further important lesson learnt emphasises the danger of elicitor bias and reflects the 
need for more than one elicitor to be present so as to help with the process of recording 
and transcribing each KE session. One of the experts interviewed in phase II was felt by 
the elicitor to be aggressive and somewhat rude during the session. At times he also 
seemed to be playing the "Devil's advocate" in the way that he argued various points 
and then, suddenly, changed his stance. The feeling of tension that the elicitor felt 
during this interview may have been precipitated by earlier events. For example, at the 
beginning of the session the expert had received a phone call from a rather awkward 
client and the ensuing conversation, lasting about 15 minutes, was "heated". The elicitor 
recorded that she felt intimidated by the expert's behaviour and felt that the session had 
been tiring and unsuccessful (ham. 2). However, an analysis of the transcript made from 
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the tape recording of the meeting, indicated that some useful information had been 
elicited and that reviewing the session away from its immediate context had helped the 
elicitor to translate the information given by the expert into meaningful and interesting 
descriptions of the sub-maps discussed during the interview. Although the elicitor's 
understanding of the context and atmosphere of the session has been argued here to 
contribute to the elicitor's appreciation of the domain, this example also serves to 
illustrate and wam against the potential danger of elicitor bias: the elicitor is involved in 
the elicitation process and reacts to it. This situation may in turn effect the elicitor's 
interpretation of (i) the expert's suitability for selection as a domain expert and (ü) the 
value/meaning of the expert's expertise. A lesson to be learnt from this example, then, is 
that the knowledge elicitor needs to consider and guard against such problems during 
the KE process. 
(f) Timing of KE sessions 
A final lesson learnt from the three KE studies to be discussed in this section "concerns 
the need to have suitable elapses of time between interviews to allow the elicitor to 
make notes about the session and to assimilate what has been discussed. Time 
constraints common in KE encourage consecutive or long meetings which, from the 
experience of the three studies described above, may not always be most appropriate 
(eg. uph. 2): tightly timetabled interview sessions (eg. three interviews in one day), may 
be counter-productive 'in that the elicitor may become "weary" and fail to give full 
attention to the interview session. Spacing out of interviews enables the elicitor to 
"digest" what has been revealed during the last session and allows the expert to reflect 
upon the discussions of the last session and their implications. 
6.2 The Role of the "Expert" 
(a) The problem of selecting a 'suitable' exverr 
The three KE studies served to highlight the difficulty of selecting an appropriate expert 
for KE. For example, the three knowledge engineers interviewed in the second study 
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may all be considered "experts" in their field and yet the ways in which they 
approached the same subject were different. A particularly interesting example is that of 
the Chief Knowledge Engineer from a UK expert system development company. He 
explained his use of prototyping as the way in which his company developed expert 
systems, admitting that he knew it was "naughty but it worked" (kee. 1). His comment 
acts as an interesting example of how different experts in the same field adopt different 
methods and practices since many criticisms of' prototyping for expert system 
development (as opposed to software development), can be found in the literature on 
account of its bad software practice and because it can be seen to place technological 
bias on the way the expert expresses his knowledge. 
A further example of the problem of selecting a suitable expert, this time from the AA 
study, is that the original PARYS development team had all been from Human 
Resource Management and hence the view encapsulated in PARYS was that of the 
Human Resource Management group. A result of this approach was that at phase II one 
of the original PARYS development team members refused to accept a reason for 
management training identified by another expert, saying that this particular point was 
not why the AA trained its managers (ho1.2). It was also noted during- the AA study that 
views expressed by the operational managers from various departments were seen to not 
always reflect the view stemming from those experts, from Human Resource 
Management (eg. ham. 2; madbl. 2; ho1.2). The disagreement between this group of 
experts from different backgrounds serves to illustrate the potential danger of 
developing an expert system around the expertise of a single individual (although some 
researchers claim that this, is the most effective way since it avoids potentially 
conflicting views of expertise, eg. Alvey and Greaves, 1990. p23). 
i, 
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(b) Recop-nising the difficulty of knowledge-base construction - -the 
knowledge 
elicitor as a 2Recialist 
A point highlighted by the first and third KE studies undertaken by the author relates to 
the way in which management, and usually the experts themselves, seem to be unaware 
of the difficulties of constructing a useful knowledge-base. In the third study involving 
managers responsible for the development of PARYS in their own organisation it was 
revealed that, at best; an individual. had been assigned responsibility for developing 
PARYS as ý just one of their managerial. duties. Unfamiliarity with expert system 
development processes and little initial understanding of the complexity of the task had 
resulted in few resources having been assigned to the development process. A possible 
explanation for this difficulty is that the information and advice offered by the 
developers of PARYS was deficient or misleading in that it minimised the difficulty of 
knowledge-base construction. The t1iird knowledge engineer interviewed in the second 
KE study expressed his personal view that KE is not problematic but its practice can be 
considered as an arr (kee. 1) and, therefore, requires a skilled and experienced 
knowledge elicitor. However, the -company from which this knowledge engineer is a 
representative offers clients an expert system development and implementation facility 
as a consultancy service. In an attempt to overcome the frequent naive expectations- of 
management, experts and users it seems advisable for the KE process to be led by a 
professional knowledge elicitor who is capable of taking responsibility for the project 
and who can ensure that good expert system development procedures are followed (eg. 
full documentation of the development process and knowledge-base construction). Such 
a requirement supports the argument that it is not always the best practice for experts to 
develop their own expert system. It would seem that a collaborative approach is most 
effectivt, with expertise being brought to the problem situation from both the client 
organisation and knowledge eliciton-, Even if an expert has some knowledge of experr 
system development an "outsider" may provide a useful "auditing" facility (eg. see Bell 
and Hardirrian, 1989). 
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(c) The importance of management commitment and support of the expert system 
project 
A lesson learnt relating to the last point concerns the commitment of those involved in 
the project and the importance of management support for the project. For example, in 
the AA study although the eleven experts who were involved in the project had all 
agreed their co-operation, their involvement was on a voluntary basis and so meetings 
had to be arranged. around their normal day-to-day activities. This meant that during the 
project several meetings were cancelled at short notice (eg. sco. 1; col. l; sco. 3) and, due 
to heavy workloads, at times meetings were difficult to arrange (eg. lac. 2; hol. 2). This 
practical problem helped to emphasise the importance of Management support for the 
project so that those involved in the development process can be released from their 
jobs for long enough to participate fully. 
(d) Dealing with an expert's need for reassurance nand overcoming an exv-ert's 
self-doubt" and reticence, 
During the AA study several experts, at the first meeting, questioned whether they were 
indeed suitable people to talk to about the domain because, in spite of them being 
operational managers who were constantly required to make decisions relating to the 
domain under investigation, they did not consider themselves to be "experts". From 
time to time during the KE process these individuals seemed to require reassurance of 
their status as "experts" (eg. ham. l; hol. 1; all. i; sco. 1), and the KB approach used 
seemed to help in this in that by the end of each session there was some visible result of 
their expertise. An important point about any KE approach used is that it should allow 
the expert to express his/her thoughts about the domain. The AA study ' helped to 
illustrate the difficulty of allowing the expert to do this whilst at the same time allowing 
the elicitor to give sufficient encouragement, praise, and general feedback to help the 
expert perform the given tasks. Although the ability to give reassurance without 
influencing the KE process appeared to be an important component of the KE approach 
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adopted in the AA study it seems likely to be a useful lesson about the KE process, 
regardless of domain. 
An important lesson learnt about an expert's possible reticence during KE was that 
different experts interviewed seemed to respond to different types of interviewing 
strategy. For example, in the AA study there were some individuals who seemed to 
prefer being questioned rather than volunteer information (eg. Sco. l; madbl. l). In the 
AA study this situation seemed to result from a natural reticence and caution and, 
consequently, seemed to be overcome by familiarity afforded by a second meeting or by 
enthusing the expert involved (eg. madbl. l; madbl. 2). However, the framework 
provided by the KE approach used during the study was flexible enough to provide 
open-ended, domain-independent questions that could be used to promote discussion. 
Problems concerning the unwillingness of an expert to be forthcoming about their 
expertise were also experienced by the elicitor on several occasions. The reasons for 
this apparent unwillingness to talk seemed to include the experts not wanting to say 
anything that might be held against them (eg. ham. 2), caution in a new situation (sco. 2), 
because they felt that they were not "real experts" (col. 1) or because they were 
unwilling to share their "tricks of the trade" (kee. 1). In all but one case (kee. 1), the fears 
or concerns of the expert seemed to have been overcome by the end of the first session 
but whether this was because of the techniques used, the elicitor's approach or any other 
reason is difficult to assess and indicates some areas for future consideration (eg. an 
exploration of the suggestion made by Burton et al. (1988. p89), that personality tests 
might provide a way of identifying characteristics of successful knowledge elicitors and 
experts). 
(e) Stressing the importance of the expert's role in RE 
Experience gained during the three KE studies suggested the need for the elicitor to 
stress the central role of the expert during the elicitation process. The author felt that 
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placing emphasis upon the importance of the expert to the KE process provided a way 
of (i) attempting to maintain the participants' interest, (ii) lessening the impact and 
influence of an outside "consultant" (the knowledge elicitor), and (iii) facilitating the 
eventual handing over of the finished product. The elicitor was keen to avoid giving the 
expert the impression that his/her expertise was being elicited surreptitiously for later 
use at the expense of the expert (eg. resulting in lack of status). Ways in which this last 
point may be avoided were identified as a result of actions during the studies, namely, 
by making sure that time is spent explaining the purpose and aims of each phase of 
elicitation (eg. failure to do this may lead to confusion and uncertainty, ie. sco. 2; sna. l), 
providing participants with constant feedback on their "performance", by reassuring 
them of their abilities and keeping them informed of the progress of the project. The 
wider implications of this problem situation can be seen to relate to the current growing 
interest in participatory/collaborative design and development of information systems 
per se (eg. see Gill, K. S. 1990 for a comprehensive review of human-centred design for 
Information Systems). 
4.3 The Role of the User 
(a) Establishing user requirements 
In the three KE studies undertaken during the research, few practical lessons were learnt 
about the role of the intended user(s) of an expert system because of their absence in 
each study. In the second study this was because the investigation centred purely around 
the process of elicitation and the reaction of the experts to the proposed approach: there 
was no computer-based expert system involved. In the third study, although PARYS 
formed, a common background for all participants, concentration was upon the 
exploration of the author's ideas on KE as presented in the seminars. However, in the 
AA study one- of the problems identified by the- author was that there was no clear 
indication of the intended users of PARYS. Although there were some general ideas of 
PARYS being used by junior members of Personnel to help in the analysis of annual 
assessment forms, as a means of highlighting individuals' training needs and the 
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timetabling of attendance on relevant courses, there was no firm identification of a 
user's needs. Although this situation is regarded here as a fundamental deficiency in an 
expert system development project, this was not seen"as preventing the KE study from 
taking place since the main aim of the. research was not to produce and implement a 
successful expert system but to develop and learn about key elements of a subjective 
approach to KE. 
5_4 The Role of KE TechniQues r 
(a) Teaching KE - The need for an underlying theoCý of KE and e; 
jýert system 
desigLi 
The time constraints frequently placed on the KE process means that there is little time 
for a knowledge elicitor to experiment with a new approach "on'the jobý. This' 
observation supports the argument that research into this subject should be made 
accessible to practising knowledge elicitors and, perhaps, the need for more "practical" 
courses on KE. As a result of the research reported here it is also suggested that 
knowledge elicitors should have some understanding of the theoretical foundations of 
the KE approaches they use so as to be able to consider the implications of the use of 
these approaches. On a more "academic" level, if expert systems are to become a 
regular component of infortnadon systems and KE is to be considered as a distinct 
specialisation (eg. in the Same waythat computer systems analysis has developed), then 
it can be argued that there is a need to develop an appropriate underlying theory of 
KE 
and expert system design so that appropriate- methodologies can be developed and 
taught. In this way it may be possible to learn from the mistakes 
and conflicting 
opinions that can be -seen to exist'within the field of systems analysis 
(eg. Hart, 1986. 
p37; Avison and-Fitzgerald, 1988. ppl67'-168; Diaper, 1989. p27, Alvey and Greaves, 
1990. p39). However, it may be equally true that due to the particular nature of KE 
important: lessons can be leamt that may be- appropriate to the field of systems analysis 
in general. 
263 
6.5 Choice of Domain 
In the three KE studies domains of expertise were selected which, traditionally, could 
be said to fall outside the suitable "types" of domain for expert system development. 
This approach gave rise to an important idea, namely, that if a KE approach is used 
which focuses upon providing a framework for "inquiry" rather than aiming to elicit a 
particular "type" of knowledge, then the range of domains suitable for expert system 
development may be widened through an increased understanding of the domain in 
question. The results of the KE studies indicated that information suitable to expert 
system development can be elicited from what have been termed heuristic or non- 
deterministic domains of expertise, through careful inquiry and discussion between the 
actors involved which, in turn, may lead to an increased understanding about the 
domain (eg. hol. 3; gam. 1). In this way a potentially useful by-product of KE may be the 
learning process that is generated through the attempt to formalise a domain of expertise 
(eg. this was a point made by Feigenbaum in 1984). 
5. SUMMARY 
In Chapters Nine and Ten the different KE studies undertaken during this research have 
been presented and illustrated. After describing each of the three studies, comments 
about the practical use of the KE approach adopted have been made. These comments 
result from both the author's observations of the KE process undertaken in each of the 
studies and from points made by those experts who experienced the KE process. 
Apparent strengths and potential problem areas of the KE approach used have. been 
discussed and have generated comments about the advantages and difficulties of 
implementing a practical subjective KE approach. In the following, and final, chapter 
the lessons reported here are used as a means of reflecting upon the appropriateness and 
significance of the key elements of a subjective. KE methodology that were presented in 
Chapter Seven and which the approach to KE used in the three studies was intended to 
operationalise. 
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CHAPTER ELEVEN 
SUMMARY AND CONCLUSIONS 
Odysseus: 
"'I heard the name of Ithaka when I was in Crete, 
far away across the sea; now I myself have come here 
with these goods that you see, 
but leaving as much again to my children". 
(Homer, The Odyssey, c. 800 B. C. Trans.: R. Lattimore, 1975) 
1 INTRODUCTION 
As the concluding chapter, the purpose of Chapter Eleven is three-fold. First of all, it 
will provide a summary of the research reported in the previous ten chapters so as to 
present a whole picture of the arguments put forward and to highlight the nature of the 
research undertaken. Secondly, the chapter will contain a discussion relating the 
significance of the lessons learnt from the action research to the proposed key elements 
of a potential subjective KE methodology and to the theoretical foundations upon which 
these key elements are based. Thirdly, this chapter will provide some discussion to the 
author's thoughts about future research and about KB and expert system design in a 
wider sense. 
2. SUMMARY OF THE RESEARCH 
The research reported in this thesis is based upon the predicate that KE is fundamental 
to the design of an expert system and that this process is problematic. In Chapter One 
the context of KE within the field of Artificial Intelligence (A. I. ), and Expert Systems 
was established. A description was also given of the way in which many researchers in 
A. I. have turned their attention from clever programming and logical inferencing 
mechanisms towards the recognition that the power of a so-called "expert system" 
depends heavily upon the quality of "expertise" capable of being transferred to the 
expert system's knowledge base. As a result of this recognition, during the last five or 
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six years some researchers have concentrated upon the investigation of techniques to 
facilitate this transference of knowledge from a human expert to a computer system. 
Techniques for acquiring information have been adapted from other disciplines, notably 
psychology, and were described and evaluated in Chapter Two. However, the 
application of such techniques, which, it has been argued, has been on a somewhat "ad 
hoc" basis, has resulted in the recognition by KE researchers and practitioners that the 
problems' associated with KE are complex. This complexity stems not only from the 
practical use of different techniques but also from factors such as: 
(i) the nature of the domain selected for expert system 
development, 
(ii) the reaction of different experts to the process of KE, 
(iii) the involvement of the knowledge elicitor and the influences he 
is capable of directing during the KE process, 
(iv) the problem of understanding and fulfilling user requirements, 
and , 
(v) the problems associated with the lack of understanding of the 
nature of human "expertise" and "knowledge". 
These problems described above were considered in Chapter Two and resulted in the 
conclusion that KB represents a complex problem situation that involves both technical 
and people-oriented aspects. 
As a result of an analysis of the KE/expert systems literature it was suggested that 
current KE techniques are unsatisfactory when applied in the more poorly-understood 
and ill-structured domains of expertise. Such domains can be seen as areas of expertise 
that involve lmowledge that comes from heuristic reasoning and such sources as 
intuition, personal preference, judgement brought about through experience 
and even 
prejudice and assumptions. The problems surrounding the successful application of 
current KE techniques in such areas were suggested to be one reason why the 
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recognised application, areas for expert systems are limited to areas of "expertise" that 
are relatively well-understood and characteristically deterministic. In a practical sense 
this has meant that the majority of expert systems judged to be successful have been 
developed in the fields of science, (eg. 'chemistry), technology (eg. computer 
configuration), and engineering (eg. the production, of razor-blades). When applied in 
"softer" areas of expertise, the resulting "successful" expert systems have been more 
like electronic manuals (eg. for regulation clarification purposes such as describing the 
rules and regulations concerning employment law (Keen, 1990)). 
It was argued in Chapter Two that in order to extend the range of suitable domains for 
expert system applications further research needed to be conducted on KE and its 
current limitations. Because of the complexity of KE, as illustrated in Chapter Two, a 
systems-based approach to encourage and facilitate thinking about complex problem 
situations with an aim to solving problems was adopted and used as a framework for 
conducting an investigation into KE. A result of this investigation, which is reported in 
Chapter Three, was the highlighting of the importance of the KE researcher's 
understanding of the concept of "expertise", since this understanding was seen , to 
underpin both any attempt to conduct KE and the development of techniques to be used 
during this process. 
The importance of the KE researcher's understanding of "expertise" highlighted as a 
result of the systems-based inquiry process led to an investigation of some current and 
popular approaches to KE in an attempt to identify the view of expertise that was either 
(i) made explicit by the authors and advocates of these approaches or (ii) was implicit in 
the approaches themselves. This investigation was reported in Chapter Four. The 
conclusion reached in Chapter Four was that all the techniques and approaches to KE 
investigated in the chapter shared an underlying "objective" view of expertise, that is: 
human expertise is viewed as something that is hard, tangible, expressible, and 
extractable using a toolbox of specially designed techniques. However, this conclusion, 
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regarding the nature of human expertise, seemed to be at variance with much of what is 
written in the KE/expert systems literature about the nature of human expertise. For 
example, in many cases the same authors who's work was analysed in Chapter Four 
could be found to declare that human expertise also has a subjective characteristic in 
that it is personal, it is developed from individual experience, it is dynamic, heuristic, 
and often difficult to explain or verbalise. 
In the light of this dichotomy attention was turned in Chapter Five to those KE 
approaches whose authors had claimed they were developed upon a subjective 
understanding and view - of expertise. Five approaches to KE and expert, system 
development which seemed to fall into this "subjective" category were examined in 
more detail. It was concluded that although these authors and researchers recognised the 
difficulty of conducting KE and the need to address the more "subjective" aspects of 
expertise, they still approached the problem of KE from within what Burrell and 
Morgan refer to as the Functionalist paradigm. Consequently, their approaches to KE 
were argued to be characterised by a realist and positivist theoretical foundation which 
manifests itself in a nornothetic approach to inquiry. This situation was argued to have 
resulted in what were presented as subjective approaches to KE but which, on 
examination, could be seen to treat human expertise. as an objective and definable 
commodity. In a similar vein, the work of one group of researchers who have attempted 
to develop a. subjective foundational philosophy for KE (Bell and Handiman, 1989), was 
argued to fall back on nomothetic techniques as a means of conducting KE that were 
paradigmatically inconsistent with their proposed theoretical foundation. This example 
was seen as an illustration of the difficulty of developing a subjective and practical 
approach to KE. 
As a. result of what the author argued to be the failure of researchers to develop a truly 
subjective and practical approach to KE, in Chapter Six, the author set out to describe 
her understanding of the nature of expertise. The description of expertise given, which 
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relates specifically to expert systems and KE, attempts to emphasise what appears to be 
its components of hard, factual rule-type knowledge and the "softer" elements of 
"knowledge", that derive from such sources as experience and intuition and which seem 
to be an important component of much human expertise. No attempt was made to 
explicitly define "expertise" or "knowledge" since, it was pointed out, this has formed a 
central issue of philosophical discussion since the time of the ancient Greeks with little, 
or no, consensus across the disciplines to which this subject relates (eg. philosophy, 
religion, cognitive science, psychology). Instead, a description of the general essence of 
what appeared to take place during an expert/client consultation was offered. This 
description can also be seen to relate to the relationship between expert and knowledge 
elicitor during the KE process. It was noted that this general description of the practice 
of expertise with its emphasis on individual expectations, assumptions, and personally 
developed knowledge seem to have much in common with what Vickers referred to as 
an "appreciative system". 
Vickers' notion of "appreciation", and what was argued here to be its characteristically 
subjective nature, was discussed in Chapter Six and the relevance of its concepts to the 
processes of "becoming expert" and "practising expertise" as described by the author 
was highlighted. Consequently, Vickers' "appreciative system", as modelled by 
Checkland and Casar, was explored as a potentially useful model of the process of 
becoming expert and practising expertise (Checkland and Casar, 1986). It was argued 
that the notion of "appreciation", which involves the understanding of a situation within 
a given context, might provide a useful guideline for the knowledge elicitor during KE. 
Furthermore, it was suggested that the operationalisation of Vickers' appreciative 
system as a means of "finding things out" might provide a useful basis of a subjective 
approach to inquiry that could be specifically tailored to the process of KE. 
As a means of working towards such an operationalisation of a subjective inquiring 
system for KE, some key elements of a subjective approach to KB, identified as a result 
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of the literature review, were presented in Chapter Seven. These key elements 
represented what were either considered essential by the author for good KE practice or 
were thought to fulfil the desire for subjective inquiry. In order to investigate the 
appropriateness of the key elements a three-phase practical approach to KE was 
proposed. The approach adopted was argued to utilise ideas that are theoretically 
consistent with the notion of "subjective" inquiry. The ideas which were advocated 
drew upon concepts taken from the systems epistemology and, in particular, the work of 
Checkland (1981). 
The proposed ideas about a practical subjective approach to KE needed to be applied 
within a "real-world" expert system project so as to enable the author to learn about 
their use and about the appropriateness and potential of the key elements, described in 
Chapter Seven, as the basis for a subjective KE methodology. In order to facilitate and 
support this important learning process, the author selected the action method of 
research since its underlying concepts seemed to be more appropriate than those of 
positivist science to both the aims of the author's research and to the nature of the ideas 
being investigated. Chapter Eight comprised a review of the reasons for this choice of 
research method, and a brief description of the background to the three KE studies 
during the research. 
The main KE study, which was conducted within the Automobile Association, was 
outlined in the first part of Chapter Nine. The KB process undertaken was described, 
step-by-step, and illustrated with examples of each stage of the approach. In the second 
part of the chapter, the lessons learnt about the KB approach as a result of its application 
in the study were provided and discussed. In accordance with the action/learning cycle 
of action research, these lessons about the KE approach were taken into account for the 
second KE study, described in Chapter Ten, during which further experience of the KE 
process adopted was gained and commented upon in the chapter. Taking these 
comments into consideration, the third KE study was conducted, which is also reported 
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in Chapter Ten, together with the lessons resulting from this study. The second part of 
Chapter Ten offers aa discussion of the lessons learnt during the three KE studies that 
complemented or supplemented general points about the difficulties of conducting KB 
that are described in the KE/expert system literature and which were discussed in 
Chapter Two. 
Figure 11.1 illustrates the structure of the research reported in this thesis showing the 
major research activities and their relationships. 
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In this first section of Chapter Ten the author has summarised the work and the 
arguments reported in this thesis. This section also serves to provide a background to 
the following section which relates the lessons learnt from the action research studies to 
the proposed key elements of a subjective KE methodology described in Chapter Seven. 
It is important, therefore, to emphasise that this research does not represent an attempt 
to produce a subjective KE methodology since this was considered to lie outside the 
scope of the present research. Instead, the aim has been to propose some key elements 
of such a methodology and to investigate -the potential of these key elements for a 
"subjective" approach to KE. 
I CONfNMNTS ON THE PROPOSED KEY ELEMENTS OF A "SUBJECTIVE" KE 
HODOLOGY 
The lessons learnt from the action research provided the author with an insight into the 
potential use of the key elements of a subjective KE methodology proposed in Chapter 
Seven. The purpose of this section is to offer some comments about the appropriateness 
of these proposed key elements and their theoretical foundations as a basis for a 
practical subjective KE methodology. 
The key elements identified in Chapter Seven as being appropriate to or desirable in a 
subjective KE methodology were as follows: ' 
(i) an holistic view of the domain of expertise 
(ü) a recognition of the boundary of the domain' 
(iii) a recognition of the environment of the domain 
(iv) making the Weltanschauung of actors involved explicit 
(v) providing adequate and appropriate documentation 
(vi) providing a domain-independent framework for inquiry 
(vii) providing the means of encouraging learning and "appreciation" 
of the problem domain 
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(viii) avoiding technological influences as far as is practically 
possible. 
The aim of the research reported in this thesis was not to develop a sophisticated and 
successful expert system in a "soft", or heuristic, area of human expertise but was to 
investigate the problems and benefits of adopting a subjective approach to KE. It is 
suggested that the lessons learnt during the research might be useful to those researchers 
and knowledge engineers who are working in areas of human expertise which may be 
classed as involving "tacit", or what has been referred to here as "subjective" knowledge 
(eg. non-deterministic, non-systematic, experiential, judgemental). For example, lessons 
learnt during this research may provide knowledge elicitors with some useful advice 
regarding the choice of KE approach used for eliciting the more heuristic areas of 
human expertise. Furthermore, the research reported here may be seen as illustrating the 
potential benefit of introducing the concept of a framework which offers a means of 
providing the knowledge elicitor with an "unstructured structure" for KE. The 
remainder- of this section will summarise the importance and significance- of these key 
elements to a subjective KE methodology. 
31 The Importance of the Notion of Weltanschauung to"Subjective" KE 
From the application of the author's ideas in the action research studies an underlying 
concept fundamental to the success of the key elements was seen to be the recognition 
of the involvement of the different actors within the KE process and their individual 
roles. Important to this point is the recognition that each of these actors have different 
views, - or, "Weltanschauungen", about the domain of expertise as well as 
having 
different requirements and expectations as far as the KE process and the expert system 
development project as a whole is concerned. The need, therefore, to learn about and 
take into account the views of these different people is seen here as being paramount to 
the development and success of a subjective approach to KE. The acceptance of 
individual views and judgements concerning "reality" and the values assigned to that 
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"reality" is consistent with the emphasis placed upon the notion of subjective inquiry, 
"appreciation", and an holistic view of the domain of expertise which were discussed as 
key elements of a subjective KE methodology in Chapter Seven. For this reason ideas 
characteristic of what Burrell and Morgan term the "Interpretive" paradigm (with its 
characteristics of anti-positivism and nominalism), are argued here to offer a potentially 
useful foundation for the basis of a subjective KE methodology. 
The recognition of the uniqueness of an individual's view of the- domain, whether 
expert, user or knowledge elicitor (argued in Chapter Five and illustrated in Chapter 
Nine), and the practice of expertise within a practical and specific context can be seen 
as providing a basis for an approach to KB that is rooted in the 
hemneneutic/phenomenological tradition. It is important, however, that this stance is 
carried through into the practical KE approach adopted. It is for this reason that. Vickers' 
notion of an "appreciative system", which has been argued here -to embrace 
characteristics of the Interpretive paradigm, is offered as an appropriate and useful 
model of "becoming expert" and "practicing expertise". The potential use of this model 
as a basis for a subjective KE methodology was illustrated through the practical 
application of the author's ideas in the three KE studies. 
3.2 Knowledge Elicitation as an Inquiring System 
An important lesson learnt as a result of the practical phase of this research concerns the 
shift in emphasis away from KE as an elicitation process towards viewing KE as an 
"inquiring system". This point is seen as being of particular significance to the 
development of a successful subjective approach to KE in that it provides a way of re- 
directing the efforts of the elicitor (and expert/user) away from concentration on 
extracting knowledge towards seeking a richer understanding of the domain. The 
"traditional" approach to KE has been argued above to be characterised by the view of 
human expertise as being "hard, real and capable of being transmitted in tangible form" 
(Burrell and Morgan, 1979. p1). It is not difficult to understand how such an approach 
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complements the technological demands of computer-based expert systems for which 
it expertise" must be made explicit and structured in a way which can be manipulated by 
the inferencing mechanism. In contrast to this "objective" approach to KE, the result of 
the KE studies have helped toillustrate and emphasise the key elements concerning 
"learning about" and gaining an "appreciation" of the domain (on the part of both 
knowledge elicitor and expert(s)/user(s)), as an important first step towards making 
human expertise explicit. This point is considered here to be Particularly relevant to an 
approach to KE which seeks to elicit the more subjective aspects of human expertise 
since in comparison to rule-based, fa=al and largely deterministic knowledge, 
subjective * knowledge has been described throughout this thesis as being 
characteristically ill-understood and poorly-defined. It is suggested here that an 
approach to KE that seeks to address the problem of developing a practical approach to 
dealing with subjectivity needs to facilitate a learning process that leads to an increased 
understanding of a problem domain as a whole. This approach conn-a= with the 
popular approach to KE and expert system development (eg. see Shaw and Gaines 
1983), which tend to treat the domain of expertise as a known, pre-defined factor. 
Consequently, the notion of KE as an inquiring system which facilitates learning is 
suggested here to be a way of providing the infrastructure to promote an appreciation of g 
a domain of expertise. Figure 11.2illustrates the difference between what is seen as the 
conventional approach to KE and the view of KE as an inquiring system which 
incorporates the proposed key elements for a subjective KE methodology. ' 
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understand/ make explicit convert to form 
appreciate and extract suitable for 
knowledge base 
(a) 
Conventional KE approaches 
developed from this view - 
influenced by technology and 
the desire to make expertise 
explicit 
(b) Key elements proposed in this 
thesis places emphasis on 
understanding domain as 
precursor to KE 
maure 11 2 fa) Tizc traditional concept of KE and (b) KE as an inquiring system 
It is important to clarify how the approach to KE proposed here as a means of enabling 
a form of "appreciative inquiry" (Stowell and West, 22/5/90) into a domain of expertise 
can be seen to differ from other vehicles for subjective inquiry such as action research 
itself (and here we can also include Naturalistic Inquiry), and Soft Systems 
Methodology (SSM). Action research (and Naturalistic Inquiry, which is the basis of 
Bell and Hardiman's Naturalistic Inquiring Methodology (Hardiman, 1987)), has been 
described in various ways ranging from a research method, or strategy, to an underlying 
concept of social science (Peters and Robinson, 1984. p120). It can also been seen as a 
set of guidelines for exploratory behaviour. Cooperrider and Srivastva (1987) 
emphasisc a further aspect of action research when they refer to it as a Idnd of "ethos", 
or mood, that facilitates' subjective inquiry. Such a view might be compared with the 
notion of the heroic mood of inquiry referred to by Singer (Churchman. 1971. pp2O2- 
204). Taking action research to be a set of guidelines for subjective inquiry (eg. as 
described by Susman and Evered (1978)), it can be described as an "inquiring system" 
that is based at a relatively abstract or content-less level of alp Hcation. Hult and Ip 
Lennung emphasise this point when they explain that "Action research... is not 
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distinguished by choice of method, but rather by the way these methods are employed" 
(1980. p245). As discussed with reference to Bell and Hardiman (1989) in Chapter Five, 
the adoption of a -set of principles for, action corresponding to action research as a 
method of KE is not enough -a practical means of operationalising these principles for 
action is also required. 
SSM, on the other hancL is a specific "inquiring system" which can be seen as offering a 
practical means of conducting action research (Stowell, 1989. ppl37-141-): the 
methodology can be viewed as a framework for inquiry with a view to understanding a 
complex problem situation in order to be better able to solve problems perceived to 
exist within the problem situation. Use of elements of SSM by the author in her 
practical approach to KE resulted from the need to operationalise her, ideas about 
subjective inquiry. The author made use of these elements of SSM where they seemed 
to be appropriate to the problems of KE and where they were deemed to offer a 
practical means of implementing the proposed key elements of a subjective KE 
methodology described in Chapter Seven. As an inquiring system that can be seen as 
of an operationalisation of the process Vickers calls 'appreciation... (Checkland and Casar. 
1986. p4), SSM has as its theoretical foundation the phenomenological/hermeneutic 
tradition that has influenced and directed the authors thoughts on KE and, therefore, 
seemed to represent a potential way of operationalising some of these thoughts. 
SSM itself was not regarded as a potential method of undertaking KE because, although 
taken in its entirety it is a means of developing understanding of a problem situation. its 
different stages can be seen to fulfil requirements particular to organisational problem- 
solving and the management of change. In many respects the process of KE is more 
constrained than organisational problem-solving and change management: in KE there 
is no. real aim to change the "value" or "reality" judgements (although these may be 
altered as appreciation of the situation is gained) and the purpose of KE is usually well- 
defined, ie. to develop a computer-based expert system. For this reason. the process of 
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KE as discussed in this research has placed emphasis upon understanding. interpreting 
and checking this understanding and interpretation. Whilst these aims may be achieved 
during the use of SSM, SSM was not developed with the practical demands and 
constraints of KE in mind but within the wider constraints of the need to unders=d and 
then "engineer" human activity systems (Checkland, 198 1. p 125). 
3.3 The Need for a Framework for Knowledge Elicitation 
The practical experience of KE afforded by the KE studies has emphasised the need for 
some kind of domain-independent framework within which the KE process can be 
conducted. This seems to be a desirable element -for both elicitor and expert. For the 
elicitor there is a need to allow the expertto "digress" without constantly worrying 
about how to redirect the discussion to the original topic. The framework used in the 
research was noted to allow the elicitor the freedom to explore the domain whilst 
providing a guide to discussion. The elicitor did not view the framework offered by the 
KE approach as a "template" for ensuring the elicitation of relevant expertise but as a 
means of helping to provide a structure within which-an inquiry into the domain may be 
directed. The KE approach used did not appear to impose itself upon the KE process. In 
phase I the structure of the map was important to guide the expert into structuring their 
thoughts about the domain. However, the approach which, it has been argued 
encourages an holistic approach to exploring the domain was easy to learn and was 
flexible enough to allow the individual experts to "customise" their representations of 
the domain so as to develop their view in, a way which did not trespass upon the 
conventions of the map. 
In phase 11, the elicitor noted the potential problem of the lack of a visible struc=e for 
the expert and sought to develop ways of providing reassurance that "strucmre" can 
often offer. The frarnework afforded by the questions derived from the CATWOE 
elements meant that the elicitor was not given the opportunity to ask specific questions 
that might reflect her own understanding or interest. Instead, these questions dem=ded 
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a certain amount of discipline on the part of both expert and elicitor which seemed 
necessary in örder to prevent either technology or the elicitors bias and assumptions 
from leading the way in which the KE process was developed. 
7be decision to view the map 'elements as "relevant" systems to the domain, the 
exploration of those relevant systems through the use of the 'CATWOE questions', and 
the construction of the root definitions and conceptual models represent the elicitor's 
switch from "real-world" to "systems" diinking, and thus offers a. suitable framework to 
the KE process. It is important to emphasise that this conscious adoption of systems 
thinking is an important part of the KE approach used and is undertaken by the elicitor 
alone. The description of the sets of activities elicited using the 'CATWOE questions' 
may draw upon "real-world" activities (ie. if the expert defined activities in the map that 
were activities c=ently being undertaken in the domain), or may be derived from an 
exploration of the way in which the experr views the d6main, either- as it is currently 
practiced or as he/she feels it ought to be practiced. 
The conceptual model itself provides a frarnewolk for the process of exploring the 
expert's thoughts about the domain. further in -that it helps to highlights questions 
relevant to the logical model (the conceptual model) that has been developed from the 
expert's own description of the domain. The questions resulting from the agenda. drawn 
up from the cbnceprual model, can be sI een as a way of engendering discussion rather 
than relying upon a series of questions, the answers to which will provide the rules for 
a knowledge-base. The framework that is offered, 'therefore, is domain-independent in 
that it is developed afresh each timer a conceptual model is constructed: the questions 
developed from the agenda relate'to the content of the conceptual model rather than, 
being (i) standard, pre-defined questions, (ii) questions directed by the requirements of 
the ekpert system technology or (M) questions developed by the elicitor on an ad 
hoc 
basis 
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This last point represents the author's aim in the KE approach adopted in that the 
structure of the KE process is sought -as resulting from the results of the KE process 
itself rather than being "imposed" by the approach used or even by the elicitor (eg. as 
was argued in Chapter Two to be the case with many other KE approaches such as 
automated repertory grid programs, contrived psychological KE techniques, and 
unstructured interviews). 
ping a Practical Subjective Approach to KE - Technological 
Demands 
An inherent problem with the development of a practical subjective KE approach 
which is incompletely add. ressed by the key elements proposed in Chapter Seven, 
relates to how an appreciation of a domain can be converted into a form suitable for an 
expert system knowledge base. Discussion in Chapter Nine explained the way in which 
the inquiry process advocated in this research may aid the identification and elicitation 
Of rule-type clusters of information. Other information and views expressed may not 
readily be converted to rules or any other form that can be manipulated by the computer 
program but can be seen to provide a contw in which the expertise is practisedL In 
many cases such information may be of a seemingly- transient nature which may be 
investigated in an attempt to clarify and establish concepts or meaning through further 
iteration of the KE approach. However, the difficulty of converting expertise into rules 
or scripts (the formats commonly used in expert system knowledge-bases), suggests that 
a future area of concern in this field relates to the-limitations which are placed on the 
process of KE by the currently available means of representing humazi expertise for an 
expert system knowledge ibase. One means'of addressing this problem until a more 
acceptable solution is developed may be to incorporate other KE techniques into the 
subjective framework for inquiry. For example, the types of KE techniques described in 
Chapter Two may be potentially useful if adopted in the later stages of phase III (where 
the expert's view of the domain is explored in more detail through the use of questions 
relating to the CM developed from the expert's description of the map elements), to help 
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structure the detailed information given by the expert. However, an important point to 
be made here is that the limitations of these "imported" approaches should be 
recognised and they should be used accordingly: it is through the elicitor's developed 
appreciation of the domain, brought about through the inquiry process that is undergone 
as a result of the KE process, that the imported techniques can be appropriately selected 
and their use carefully controlled. 
3.5 The "Interpretive" Paradigm as a Basis for-KE? 
A further comment as a result of the research is that it has illustrated the potential of 
adopting a stance towards KE and expert system design that may be characteristically 
identified with Interpretive sociology and, more specifically, with Phenomenology and 
Hermeneutics. As a result of the lessons leamt from the action research reported in this 
thesis, it is suggested here that Al. researchers, such as Feigenbaum, should cease to 
regard 
., 
approaches 
'stemming 
from phenomenology and hermeneutics as being 
completely irrelevant to the field. On the contrary, such approaches should be 
recognised as representing a real . 
and practical supplement to the traditional 
"rationalistic", or positivist, approach to inquiry and, in this case, to a specific kind of 
inquiry, namely KE. Fortunately, the view expressed by Feigenbaum, who -refers to 
phenomenology as "that ball of fluff, that cotton candyl" (McCorduck, 1979. p197), 
seems to be increasingly challenged by a growing number of researchers who have been 
developing their ideas along ffie lines of subjective KE drawing upon what can 
be 
termed as characteristically Interpretive ideas (eg. Gill, K. S. 1990; Gill, 
S. P. 1990; Bell 
and Hardiman, 1989; Garnmack and Anderson, 1991). 'Me work of sociologists, 
Philosophers and psychologists such as Weber, Husserl, Dilthey, 
Garfinkel, Gadarner, 
and the Schools of thought developed from their ideas (ie. characteristics of Burrell and 
Morgan's Interpretive paradigm), have important contributions to make in the field of 
information systems design (eg. see Winograd and Flores, 
1986). 7be difficulty and 
challenge open to researchers lies in developing these ideas into practical approaches to 
address the problems of information systems design, and of particular interest to the 
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author, to the problems of KE. It is hoped that this current research will contribute to 
this perceived movement, or "paradigm shift", that can be recognised to be taking place 
in the field of KE, expert system design and information system development in general 
(eg. as represented by Boland, 1985; Hirschheim, 1985; Lyytinen and Klien, 1985; 
Winograd and Flores, '1986; Hirschheim and Klien, 1989). 
1_6 Doc-umentatiQn 
One of the key elements identified in Chapter Seven was the need for any approach to 
KE. to. prqvide ample documentation of the KE process. This point was highlighted 
during the action resqarch studies since documentation was seen to be valuable not only 
in the capacity of providing a record of the infortnation. elicited from the expert but also 
as a means of ensuring that information from the previous session was readfly available 
as a prompt and as a means of reminding those involved of the points of discussion. 7be 
approach to KE adopted also, indicated the importance of the expert and knowledge 
elicitor being able to refer back to previous phases of elicitation and, if necessary, to re- 
work them in the light of the learning process that the KE process had provided. Tbus, 
the iterative nature of a subjective approach to KE is emphasised here and the role of 
documentation in support of this iterative behaviour. 
An important lesson leamt from the KE studies concerned the way in which the 
approach to KE used fulfilled the demands of documentation procedures through 
Pictorial representations of different parts of the KE process. Pictorial representations 
(ie- representations in non-narrative form using not only the written word but also 
shapes, colours, diagrams) produced either during the KE process by the expert (eg. 
phase I) or as a result, of the KE process (eg. phaser M), suggested that tWs was a 
particularly useful way of providing (i) documentation of the expert's thoughts about the 
domairr that could be readily assimilated by those involved and 01) a "picture" of the 
situation that could be taken in at a glance that could be produced quickly by expert 
and/or elicitor by hand. An additional benefit appeared to be the way in which it was 
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possible to represent a complex situation on one sheet of paper. A result of this situation 
was frequently noted to be that the expert would physically pick up the representation as 
he/she was thinking about its implications, pointing to different aspects to illustrate and 
explain what was being said. It seemed during the KE studies that this facility helped to 
encourage those interviewed to feel involved in the project and encouraged them to 
view themselves as owners of the information elicited. This approach can also be seen 
as one way of attempting to prevent the expert from feeling that he/she was being 
denied information that was available to the elicitor (eg. questions asked by the elicitor 
at phase III related directly to the CM given to the expert). 
3.7 An Holistic Approach Including Concepts of "Bound=". "Envirournent" and 
"Hierarchy" 
7he concepts of boundary and environment tended to be implicit to the approach to KE 
used by the author (eg. the expert's drawing of the "bubbles" in the map represented the 
drawing of boundaries without making this task explicit in 'systems' terms). In 
retrospect, an awareness of these concepts proved valuable to the elicitor in that their 
inclusion helped her to control the size of the elicitation task at any one time. For 
example, when an expert defined the boundaries of his view of the domain of expertise 
through his map it was possible for the elicitor to concentrate upon the exploration of 
this particular view of the domain. It would seem that defining limits of expertise using 
the concepts of boundary and environment may also provide a useful aid during the 
process of deciding who is to be selected as the expert in. the domain if only one expert 
is to be consulted during KE. Alternatively the approach rnight be used to help identify 
the particular areas of expertise for each expert if more than one expert is to be used and 
conflicting views of opinion are to be avoided. However, an important point to be made 
here is that one should expect any boundary to be re-defined (by the expert), possibly 
many times, as -a result of the learning about the domain brought about through the KE 
process. Furthermore, the process of explicitly limiting the view of the domain and 
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establishing the reasons for this limitation may, in itself, provide a useful leaning 
process about the view 'of the domain that is being sought. 
The notion of "environment" was useful to the elicitor in that it helped her to keep an 
expert's view within a particular context. This ability contributed to -the process of 
gaining an appreciation of the domain in that it helped to provide the elicitor with a 
means of interpreting the information described by the expert: its consideration 
provided a way of thinking about the more elusive aspects of the expertise described, 
such as the "cultuýe" of the business organisation in the AA study, as well as providing 
background information to help the elicitor come to an understanding of the emergent 
property of the set of activities described. 
A point recognised by the author but only upon reflection of the use of approach -to KE 
was the importance of the notion of hierarchy since the ability to move around at 
different stages of the elicitation process from sub-system to system and to wider 
System was used constantly- by the elicitor. This concept of hierarchy which is central to 
systems thinking (Bertalanffy, 1971), can be seen to underpin the iterative nature of the 
approach to KE advocated here because it provided a means of checking the logical 
value of the information divulged by the expert (eg. moving from wider system to 
system and from system to sub-system seemed to provide a means of enabling the 
investigation process to move from seeking general observations through to detailed 
descriptions of the way in which the expert views the domain). 
3.8 Iteration -A New Key Element 
7be notion of KE as an inquiring system has also served to emphasise the significance 
Of iteration as part of the practical approach to KE. It is by means of an iterative 
approach to inquiry that the diffýrenr views about the domain held by those in the 
project may be re-investigated in the light of greater understanding brought about by the 
KE process. The importance of this facility in encouraging and supporting the actors' 
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leaming process and the gradual "appreciation" of the domain gained as a result of this 
leaming process was emphasised during the KE studies. The importance of "iteration" 
is, therefore, stressed as an additional key element of a subjective approach to KE. 
Figure 11.3 illustrates the iterative nature of the approach to KE used as a means of 
implementing the key elements for a subjective KE methodology proposed in Chapter 
Seven. 
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The practical'approach io KE developed and used during the research has been argued 
to implement the key elements of a subjective KE methodology proposed in Chapter 
Seven. By using an action research approach to the practical studies the lessons leamt 
from each KE'study contributed to the next application of the KE approach. The 
learning experience that this approach provided has enabled the author to offer a critical 
evaluation of the key elements proposed as a potential basis of a subjective KE 
methodology in terms of the significance of the proposed key elements and the nature of 
their relationship with one another. T"he results of this practical experience has also 
helped to support and elucidate the concept of KE as an inquiring system, a notion 
which has been advocated in an attempt to move away from the "traditional" concept of 
the KE'process where the emphasis is placed on elicitation towards a view which 
encourages gaining an "appreciation" of the domain so as to be better able to structure 
and direct the elicitation process. It has also prompted the suggestion of an additional 
key element of a subjective KE methodology, namely, iteration. 
4. END NOTE - DIRECMONS FOR FUTUR. E RESEARCHZ 
7be research reported here has sought to address some of the problems associated with 
KE as described in the KE literanire. During the process of research further potential 
problem areas for KE have been highlighted but which have fallen outside the scope of 
the present research. One particular problem, briefly mentioned above in section 3.4, is 
that of converting human expertise, once it has been made explicit, into a form that can 
be manipulated by a computer program. It has been suggested in the expem systems 
literature that the methods of knowledge representation that are currently employed in 
cornmercially available expert system shells (eg. rules and frames) and which are 
supported by traditional A. I. programming languages are not always suitable ways of 
representing human expertise (eg. Dreyfus, 1985). Advances in the development of 
neural nets, which aim to replicate the firing of nearons in the human brain as a means 
of reasoning'through stored information, may in the future provide an answer to this 
288 
problem of knowledge representation. Presently, this area of computing necessitates 
further research and development before these "connectionist" concepts and techniques 
can be developed and marketed commercially. However, these problems have not been 
taken into consideration in this research since the work reported here has attempted to 
address current KE problems (ie. problems relating directly to the here-and-now 
problems of KE). 
An aspect of particular importance that has been highlighted by this research is the 
frequent lack of attention paid by knowledge elicitors and expert system developers to 
the proposed users of the expert system. This point was recognised and criticised by the 
author but the nature of the research undertaken did not allow a detailed Mýalysis of how 
the proposed ideas about a subjective KE methodology could be used to investigate 
users' views of the domain and their requirements of the working expert system. The 
author felt that the KE approach advocated could be used equally with user or expert 
and suggested that the approach may also incorporate ways of bringing users and 
experts together to compare their views about the domain and the purpose of the 
proposed expert system. Although a full investigation of this issue falls outside the 
scope of the present research it raises an interesting point that might be selected for 
ftu-ther investi(ration. For example, could the KE approach adopted in this research be 
developed in -a way to aid understanding of user requirements? 7be KE approach 
adopted would seem to offer the potential to help the user to better understand his/her 
own requirements as well as clarifying the overall role of the user in expert system 
design. 7hese aspects reflect what appears to be the growing interest in the notion of 
human-centred systems which emphasises the importance of understanding user 
requir ements as a central issue of the problem of designing computer-based information 
systems (G ill, K. S. - 1990). 
An important question that is raised as a result of the KE studies and analysis of the 
lessons learnt from these studies relates to the use of the adopted approach to KE by the 
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author. 71e nature of the author's involvement in the research and her role as knowledge 
elicitor during the action research studies has meant that it is difficult to tell how she 
influenced the outcome of the practical use of the KE approach adopted, eg. through her 
personality, gender, or her interpretation of the approach advocated. The recognition of 
the author's own susceptibility to bias, assumptions and influence suggests that further 
research might investigate the result of teaching the ideas for KE advocated in the 
research to another individual. For exarnple, anothees interpretation of the ideas and 
concepts discussed here regarding KE is likely to have a significant effect upon the 
outcome of the application of these ideas. A further point, arising from this last 
comment concerns the question of how far a new knowledge elicitor wishing to use the 
ideas presented here could learn about undertaking a subjective approach to KE without 
having to understand the conceptual foundations of the ideas proposed. 
7he work described in this thesis has been undertaken as action research with its 
emphasis on the development of theory through the practical experience of the 
application of that theory in real-world problem situations. By the means of this process 
lessons have been leamt about the practical difficulties and potential strengths of some 
key elements of a subjective KE methodology proposed by the author as a result of an 
analysis of the problems of KE reported in the KE literature. 77he KE approach used in 
the three studies reported above was developed as a means of operationalising these 
proposed key elements. However, the use of this KE approach has yielded what have 
been argued to be some interesting results in terms of the way that KE can be conducted 
and, therefore, it is suggested, merits fiu%her development. and "testing" as a 
cornmercially viable approach to KE (West, 22/5/90; 24/5/90). 
Finally, this research has been conducted in an attempt to explore and then offer some 
ideas about how a KE approach that, in principle, can be used to help elicit the more 
subjective elements of human expertise might be developed. It is hoped that this 
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research will also make some contribution to the understanding of the problems faced 
by those involved in the process of KE. 
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APPENDIX I 
QA1_WOEE 
-elements. 
(Phase 11) 
Having noted the expert's answers to the questions derived from the CATWOE. 
elements, the elicitor developed what is referred to by Checkland as a Root Definition 
(RD) (1981), using the CATWOE answers as a means of constructing such a RD. In 
order to do this the elicitor found it most useful to, first of all, clearly define the 
transformation described by the expert as taking place in the "activity" identified in the 
map. Once the transformation has been made clear the remaining CATWOE 
elements can be incorporated into the description of the process being undertaken. 
These remaining elements are usually made explicit in the description of the activity so 
that the RD contains a description of the process transforming defined in-puts into 
defined out-puts (T), undertaken by certain named individuals/groups (A) for the 
'benefit' of named 'customers' (C) within stated constraints (E). The 
individuals/groups maintaining ultimate control of this process were also named (0). 
7be elicitor used the "W" that she identified to underlie the expert's discussion of the 
CATWOE questions to "check" that the overall 'spirit' of the RD was consistent with 
the view of the expert's understanding of the domain that. she had interpreted and 
developed from th 
,e 
expert's discussion of the C, 
ýýOE questions and from the map 
itself. Checkland and Scholes report a similar approach to RD construction 
(Checkland and Scholes, 1990, p241). 
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APPENDIX II 
The following three examples taken from the AA study are reproduced here to give further illustrations of the KE approach used. The examples are presented as recorded at the time of interview or as reported by the elicitor shortly after the interview. Some 
editing has been necessary to protect the identity of those involved. 
Example 1- Expert Mr X 
OBSERVATIONS 
-1) 
Mr X (eLcpert) 
Age: early 40's? Began by saying that he was relatively new to the "AA. " as he'd only been there 18 months. Previously 18 years service in the army. Said he felt, therefore, 
that he probably wouldn't be giving the "ýkX view on management training. 
Seemed to gra example of the task to be undertaken quickly and also offered ways in 
which he saw tZ technique could be further used by investigating the individual 
"blobs". It seemed that he expected more help in that he was waiting to be given the first "blob" which is expected to be drawn in by the expert. He made a light-hearted (it 
seemed) comment when first started drawing the map when he said it was "like being back at school taking a test, no one prepared me for this". Main problem seems to have been that he felt himself to be unprepared for the session. it was discovered at 
the end of the meeting that he had not received the letter produced for Mrs A. 
concerning the general theme of the project. It was originally planned that Mrs A 
would pass this letter on to those volunteering to take part in the project. (71is will have to be checked for the next meetings). Expert suggested that even a rough title as 
a guide-line would have been acceptable. 
2YD. West (interviewer) 
Interviewer started on introduction to task straight away as the expert showed no 
inclination to chat when first met. It seemed that he was keen to get on. This remains a 
problem - how much time is needed for "settling down" of both expert and 
interviewer? Later in the meeting, after completion of the task, the expert said that he 
had had some difficulties following the explanations given because he had switched 
from one task to the next and it had taken him a while to concentrate his mind. Used 
tape recorder for first time after expert had filled in questionnaire. This enabled the 
collection of some useful comments regarding the use of the approach and the meeting 
in general (see transcript). This was the interviewer's first interview for about 5 weeks 
and she felt a little "rusty". 
3) Method used - Map Expert claimed that the approach helped him to concentrate his mind upon the task 
and was especially useful since he had come straight to the meeting from doing 
something else and had not had time to think. Expert asked questions about how far 
he was expected to go and wanted his map to be checked to see if it was satisfactory. 
Expert carried out task confidently. Through use of approach the expert produced a 
I 
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map that included elements both general to management and specific to the 
management of his department. Expert was able to use the map to discuss the area 
and gave many examples to illustrate his map elements. 
hxpert's personal feeling - like to be more prepared in advance, perhaps would have then taken it more seriously (not that he did not take the task seriously). Felt that the 
overall effect and benefit of what he had to say may have been greater if he had been 
able to have time to think about it. 
Felt that this situation, although ýot pressurized in any formal way, still very much 
aware of having people sitting waiting for him to finish so that they can "get on with 
the discussion". W 
Felt that ap roach used yielded different results to if he had just been questioned. But felt that pertaps "a list of types of reasons why it might be necessary to train managers" 
could be useful. Said that personally if using such a list he would not put it f. orward 
. until after interviewee had had a chance to record his own 
ideas. Said list would give 
interviewee the chance to "home-in" on something that they'd defined "off the top of 
their heads". Seemed to favour the idea of a check-list offered by the interviewer so 
that area probably not thought of by expert could be considered. 
Expert warned about practicalities of such elicitation meetings saying that it's difficult for operational managers to switch from doing one thing to another and give a 100% 
performance. 0 
Expert acknowledge what he'd found from market research "which is not too far away from what we're doing at the moment", is that they first &o for the top-of-the-head 
response which they follow up by a prompted more considered response, having given 
the interviewee time to think. Expert felt that he could have given more if this 
approach had been used. 
Said he wasn't too clear on object of exercise, whether it was to 1) obtain info. about 
manaýement training or 2) determine how successful the approach was at 1). (* 0 *N. B. The aim, of the session was both 1) and 2) and had been explained at the beginning of 
the session). Expert said if the aim was 1) then he felt he would have liked more time 
to think about the problem beforehand because of the complexity of the subject. If 2) 
was the aim then he thought it could be done in this sort of environment. 
Expert acknowledged that previous information about the agenda of the meeting had 
been withheld so that the expert would be thinking "on his feet" rather than spending a lot of time reading up and providinF a "text-book" answer. He still felt the need for 
some knowledge about the session in advance and admitted that the letter which he 
had not received would probably have been sufficient. 
Expert thought that using a pictorial approach brought the subject to life, "no doubt 
about it". Made him concentrate his mind about what was necessary in training terms but left him wondering whether he was actually achieving what he said was necessary Oe- for his staff). 
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Figure Al Expert X's map 
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Quescions to be asked of LnSeE! Le! ýe 
ch; 
(exporc) 
cil! "c afeer complecion-o 
race: lu .14.11. Name: 
MQ 
How did you feel during the interview? e. g. did you feel 
pressucised, comfortable, ill-at-asse with the approach? 
2) Was the example of the approach Siven clear enough? 
3) Uhat were your maim difficulties (if any), with this exercisel 
L4ý 1ý. ik-I. 
4) Did you find it easy to catty out the task? If not, cam you 
explain Why? 
5) Did the approach used help to bring the area of concern Loco focus? 
It so, how? 71. 
6) Do you think the end result of this moscing would have been any 
different if I had simply quoscioned you an the subject area? 
7) Do you think there is Aar advantage in using a 'PLCCOCLaL* 
approach, such as the map, rachev than, say. a List fam? 
'jý V--, y 4.4, 
8) Rave you any advice to' offec as to how this exacclse couL4 be 
improved? 
ol 
TO W--: - 
&4 
-. Ia. " %A, . 
166 
9) y 
"C 
gap can ou qu&Llfy We QU. CA". 'I'Ll --&'g 
164 S&C'GUSýy ? 
th. is? 
I W,. ý, 
rA4- 
Ref: W/15J. 89 
Figure A2 E-Qert's comments on Phase 
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Dace: 1(- 14 Time: 
Present: 14- XSPA 
Interviewer: ý. 'J' 
Interviewee (expect): x 
Iocacioa. CJ5 J4. U hV"Ot 
ut Title of incerviewee: M---a-v 
TAterview No. with this expert: 
Interview beglaa ac: d2 
SO. Ends sCt 
Time Caken to LuCroduce &ad axplaia example: 
Ca 
3) Did GXP*ct ask questions about ax&opL4? 
None: 
A few- 
Many$ 
4) Task: OA-f Ucles 
ek.. So"S 
5) Time for expect ta complete task. 
Begia-Z -340 Ends 2-1 Total: 
Did expect ask questions when peadur-Lixg map? U so what type of 
quescion? 'L"Ld &, - 
f--, I ýý 
L, ý 0- 
/ 4.101k 
.6 
Questions asking for claclUcatical 
: re, &;; uraacel 
he Y/M 
7) Did expert undercake the task coaf1d*oSjj-QC with hesLt4tioaj 
8) Was an. example of the task provided? Did expect refec back to 
example? 
MAD 
Occasicoally? Fraqueacly? -1j, 
24jr. rhe interview Incerrupced. In &or yay? If @at how? 
lr-(-ý-ý ý'T4 - Vý5 -C. 4'0.0" ý 
10) Serct113X-=fov Interview Including size of coon. formal/Laformal 
-smatjjW.. xrza*SemaaCs, presence of other peopLe, coffee, Ore. 
..: j 
Z fj, 7M 
OU 
U) waerchneg, of.,. the, motivation foe the LndLvIduaL 
An 
, 
y4cctb«r-. obearv4cr-Locw ?- 
O-C4. au 
Lt, ctcbd p-ei- 
, 
d., kz, >A ýý 
-, &70 C. A ave 
IkýtA -, & Zor O"--4. r&d 
Fimire A3 Interview documentation sheet (a 
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Time: 1`L 30 toc. esona GTY wau. FýJcr 
Presents 'L-, f b- kle 
Incerviewec: b. \, J 
Interviewes (expert): 
Title of Lacerviewao: 
IaCecview No. With Chia expert: 
\. 
1) Interview begins at: Ends at: 
2) Time taken to introduce and explain example: 
3) Did experc ask questions about example? 
-LZ 4 +.., - -, v-t . JL, ý brones S. A&-ý4L A. * 
4) Tasks frucýWA4; VV&&ýAsrUclet 
5) Time for expert to complete task. 
=4, -' 3ý 0--A o. ", A 
Begins 14,5zý End: Total; 9. ", 
A6 
6) Did expert ask questions When producing mapt If So WhSC t7P4 of 
question? 
AS " 
Questions SdkLng foe CISCLUCACiOd? or - 
ý'156 
reassucance? rI V-1-60,00-4 C. 4 ýaj -a 
T? YW - 411" 
help? Y/ N 
7) Did experc undertake the task confidently or with heaLtation? AltC. -o. 
A. 06Aka-r tvbr %'e' ' 
8) was an 4X"Ple aI the task pcovidedt Did expect rafte back to 
example? T 
OczasioaallyjL'. ) Frequently? 
9) Was the Lncsrview Lucacrupead Ld any way? If Sao how? 
tffi'ýCo- - 
10) $4tciag for incervtow IncludLag gist of room. forn4l/inforsal 
Seating arrangements, presence of other people. coffee, ace. 
11) Was there say Ladication of ch4 mocivecLon foe che 
LudividuaL. 
concerned to take pace in this exaccisal ýý&L s4ový, P*e( tko 
LI) Any otbtac obsecv&Cions? ;u -tr4 
ý4t-k q" )ý. Ck- egata %, 4s. " JA4ý0 , -VAA-A, ý. It fi, #- 
; C, 
_ 
- 11 --4 ý-"- ý* 
u 
dAgL6, --- - 
1, gj^, LOV. 
V I 
: 
Figure A4 Interview documentation- sheet (b) 
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Phase II 
Mee-tingwith Mr Y12.30pm Tr-ýe sý--ýe ýýntVVX, FStowe 11, DWest. 
QBSERVATTO, NS 8 mins. late for the interview as had gone to the wronLY building. Whilst secretary was getting coffee expert received a phone call from wfiom he called 
a "difficult" customer. The conversation was somewhat "heated" and expert later said 
that he felt obliged to give the caller some time as he'd been ringing all sorts of people 
around the AA causing trouble, annoying staff etc. F. Stowell commented at beginnin 
of session that the call may effect the mood and atmosphere of the following session. 
ft 
may well have been that the expert was antagonised by this phone call, which lasted 
approx. 15 mins. 
-bl-mr ert "--j i -X -e )e 't Character - forceful. Seemed agitated and quite aggressive throughout session. Seemed to want to argue about points on the composite map, even when explained to him that this would not necessarily represent what he felt reasons for management 
training to be but. was representative of the interviewer's interpretation of the information gained from all 10 interviews. Seemed to be reluctant to accept the maps 
shown as OýFg representation of the. situation, seemed to want to impose his interpretation at possible expense of those of his fellow-managers. He also challenged 
wording on the maps when there were, eg, two ideas classed together in same element 
- "C' 'V or "retrain for new skills or s1du give managers knowledge/skill to do jo I shortages". On one occasion expert seemed to take offence at words used by interviewer, eg. when asked if he was "happy" with the division as put forward in the 
three maps he replied that HE had no reason to feel "happy" or otherwise about the 
situation. Even aggressive about the questionnaire whicH he had filled in before, saying 
that he didn't see why he needed to clarify his answer to Q. 9. as he answered " s". It 
was explained that it was useful to know why he had taken the exercise serious(y4e, 
ior 
what reasons. 
Expert seemed also to be "defensive" in his remarks but the reason for this was unclear 
to interviewer - seemed he was worried that what he said might be reported back to 
someone else? This backed u haps to some extent because when trying to name 
the last map expert said he co dn't think of anything but the word that came to mind 
was "propaganda" but he then said not to write that down as it might be considered 
"heretic" tak eg. "But I don't think you ought to put that down". Seemed to want to be 
careful what he said. Expert went into much more detail on points than was erhaps 
necessary, giving detailed examples to illustrate his points. Interesting that after 
challenging some point, when explanation offered by interviewer expert tended to 
finally accept the explanation as being reasonable. Expert sighed loudly a lot, which 
came through on tape recording. 
On questionnaire, expert said that althou&h he felt a "little rushed" he said he found it 
easy to carry out the task but interviewer telt that he did seem to have problems with 
the task as he frequently said things. such as "I cant say" or "I don't know what you're 
getting at" (seemed to be said in quite an irritable wa , which suggested that there was 
some communication/understanding problem througK18ut the interview. 
When asked about the division of the 3 maps he said 2nd and 3rd maps were OK but 
he felt that there were two different sorts of elements in first map. However, expert 
was reluctant to make any changes when interviewer offered to do so (; -g- 
criticised but 
did not actually make any changes to maps). Wonder why this was so? Was it because 
expert couldnýt be bothered because it was a lengthy task? eg. casier to let things 
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stand? Was it because he wasn't really interested or because he didn't want to be 
responsible for changing things in case they were "wrong"? (Alternatively, acting 
Devil's advocate? ). . 
At end of interview when expert began to fill in questionnaire, he said that he didn't 
think that the technique was helping to produce anything spectacular (he challenged 
purpose/point of exercise quite aggressively), and suggested interviewer could have 
obtained all the information he had given from management texts. Interviewer replied 
that technique was not attempting to produce information out of the ordinary but was 
trying to hel interviewer learn about the problem situation and to provide some 
framework 
? 
or the learning. Also told that interviewer was trying to find a way that 
enabled expert to tell what he knew/felt about management training within the AA 
not what was written in management texts. 
Expert may have made a significant comment when giving an example - he said that in 
his last appraisal (which seem to have taken place quite recently) his mana&er had 
written on his appraisal form that he reco=ended- that the expert undertake a6 
weeks external training course. Expert only been with AA two years. Point expert 
made that all he had told me could have been gained from management texts may 
indicate that expert's knowledge of management training was taken from management 
training texts. Also his seeming difficulty talking about management at a conce tual 
level (with CATWOE questions as prompts are conceptual more than practic ). - may 
indicate that expert was not comfortable with speakin about management at is level 
- perhaps because a relatively new expert? Expert saiTon questionnaire that he had no difficulty "to mind" with the approach used but interviewer felt that this was not really 
the case as expert did not seem comfortable with the approach, or situation etc. 
Interesting that in spite of the feeling that interviewer had about the interview, eg. 
wondering whether expert would terminate it prematurely, at end of session expert 
volunteered to take part in further sessions if required, without being asked. 
2. Interviewer - D. West 
Interviewer taken-aback somewhat at aggressiveness of expert. Tried different ways 
during the session to make things more relaxed, eg. allow expert to talk on about a 
subject that was not really relevant to give settling in time. Interview was also difficult 
because interviewer sat across desk frorn expert so had to read, talk about maps when 
they were up-side down. Also articles on expert's desk between maps and inteiviewer. 
Had to write down CATWOE conversation on separate piece of paper. On 
questionnaire expert did say that a "better environment" and "more relaxed approach" 
would have improved the session. 
Interviewer took advice from previous session to give a brief overview of what was 
expected from the session - expert seemed happy enough with 
this but interviewer 
would not have been surprised if after description of first map expert 
had terminated 
the session. Feeling that expert was not really interested, answers seemed a 
bit 
disjointed, replies not really linking together terribly well within one map. 
Interviewer intuitively felt that lack of practical/visible framework may seem 
threatening to expert and made effort to reassure, give feedback to expert's answers, 
but this diMt appear, to be successful. 
Observer (F Stowell) commented on sheet that interviewer did well not to rise to bait 
. 
pert but interviewer did feel very much intimidated and was pleased to finish of ex 
session. 
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Although intimidating, good practice for interviewer at coping with a difficult expert 
and also for approach used - did it yield what was necessary? Also need to consider 
use of discussion groups of experts at this stage? 
. Annrnsrh - mnnq snd CATWOE to elicit description of 3 sub-map Expýrt said on questionnaire that he felt other participants to enable the generation of 
ideas off ideas would have been useful. From interviewers point of view this would not 
have been easily as a single expert was difficult enough dunIng this session. 
Possible weakness of the CATWOE technique used is that it appears some experts 
find this section difficult - perhaps because questions asked tend to be of a conceptual 
nature, not things they've thouýý about before. A wýy of better explaining what -meant with CATWOE questions would be advantageous. Also seems good idea for 
interviewer to write down what expert says on the map so that expert can refer back to 
it. 
Need quite a lot of desk space for this phase of interview. 
Need to think about lack of visible framework for the expert. This may be threatenin 
to some experts because they are not sure of where they are going or what is expecteg 
of them. 
Would have been interesting situation if this had been THE sole expert. 
Notes of answers to CATWOE questions 
CM I 
T- employee development 
C- unit head, middle-management - conception and strategic level 
A- trainers; first line-management and the next line-management. 
0- Directors - policy from the top; managers of unit heads - making more business- orientated decisions. 
E- resources: space, time, money; within day-to-day working activities. 
-CM-1) T- attainment of corporate obýectives through activities and to help formulate 
corporate objectives. 
C- middle-management - BUr ail levels of management SHOULD be told 
more about corporate objectives. 
A- senior management to middle-management 
0- senior management 
E- Identification of the need for training and then the follow-up process 
CM 3 
T- "culture" - P. R. - selling AA to employees. C- AA employees - all managers etc. and Directors A- all 
0- all 
E -the AA. 
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Questions to be asked of incervtewee (expert) 
after completion of the task 
Date. C,. " Name.. 
How did You feel during the interview? e. g. did you feet 
pressurised, comfortable, ill-st-ease with the approach? 
2) Was the example of the approach given clear enouSh? 
V-N 
j" - 
3) What were your main difficulties (if any), with this exercise? 
to 
4) Did you find it easy to carry out the Cask? If not, Can, YOU 
explain why? 
5) Did the approach used help to brim% the area of concern Into focus? 
if so, how? 
- ro 
6) Do you think the end result of this meeting would have been any 
different if I had simply questioned you on the subject area? 
No. 
7) Do you think there Ls any advantage i CL using a "pictorial, 
approach, such as the map, rather than, says a list form? 
IA ýU- Cýý Alo. 
Have 7ou any advice to offer as to how this exercise could be 
impCoved? 
4 J- 
- Have you takozi thisl exercise "SdrIQ6817"? If so, can you qualify 
this? 
:r 
Ye, 
'A 
Lj- 
Ref: DW/15.3.89 
Fimre A5 Expert's comments on Phase 11 
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oat aI Ildil Timet 
Present: Mr)(, DW ) FS 
iDzj - 
racerviewee (axpert)l 
Title of Inc4cwLevess 
tacatLoU d4rjA1&,. HMr- 
ýa zý. ýýý 
Interview No. with this experts 
1) Inteeview begins act IT-4 Ends att 
2) Time taken to introduce and explain examples 
u,,, Main - 3) Did expect ask questions abouC examplal 
11" ;. 
Wt I 
Mears 
A 
4) Task: OjC Title I WWPAAS AO-10 
tt, (#, rLdA, - A4 5) Time for export to complete task. 
Bating L4 Led: Totals 
6) Did expect ask questious-whea, peaducLog wept If so what typo of 
qUG S Clan I %- 01"-1A V CA, &AtA. ýý ,,, C 0,4& 4ýV AAO; ýý A. 0j,,, L %e Ps! --ACL wt. ** A-A %. " N"-"01 
Quescions asking for clacIfIcationt YIN 
I YIN 
help?. YIN 
1) Did expect undectake ' the task coaUdencir ac IrLth hooLtactoal 
.4 
oj"-Aýn .* 
8) Was am*exasple of the cook pcovided? Did ftXPQCC-JgQfQC 104CILAQ 
example?, M/y 
Occasionallr? Irrequ4nclyt 
9) Was the interview interrupted in 927 V41t If me, ho.? 
V-61 
Ltu- tilk--bi* A)WW COL L45 kt-j r-&Jýýww 
Q). . Soccing-for Jace"Low-.. LacludLno. slits of . to". 
onL4L/lof*nL4L ýri 
. ... 
PCGGQGCG 69 
-QCh 
4C 
. 
PdOPLaý 
. 
CG9f44# 
*""- 61y, A% "ý, -I 
-E, 
Was thee% anr ladicacion of the votivaelear for the LodlvLduaL 
yw ,, A, 7coacecued to-take pace In this exaccLast. 4 
.0 JM . ý, 
A - -o-j - P-Oj is(- 
/ 
lb Aar acbec observaclonot 
&-,, 4L4". - Ae Ljjý-- r-4wa X- 
At ; Y/po. 
It &"arc, IA %= AAw-(-cA P,, V9V, 2A 0--au, ac-ý 4 TL., Z. 1A, "a" 
AS, 
J. " 1412 Jr, 1, kibMF: LSVW 
AAx CL 
ZLIV44 
;, A 
IL 
t4'11AýCLLP -A-4-i-I tp 
"I 
)44ý jr4 It 0101.1ý4 4 
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Vmt-esfirgm tape recording 
C- managers who need that sort of development - but all staff need it hence call it "employee development" 
- seem some elements are more appropriate to operational managers, other 
elements indicate strategic level 
A- people involved in training, & identifiers of need for trainers (1st line 
managers watching people beneath theni, and even above - senior managers may want 
to keep idea of strategic part of tr g. 
0 people wish to see system happen - people closest to it. People wish t. 0 stop it - 
people higher up line eg people who know how much time, resources mone is 
available for training. Decisions tend to be higher up line, eg. manager of 
becoming more a business-oriented decision - because of movement, change ýf org. in AA. ýýpert said decision should lie within the business - shouldn't have organisational decisions regarding training pressed on businesses. 
E- Resources - physical, time, staff, money, space within day-to-day ýunning of business. 
Man 
T_ - "attainment of corporate objectives" - and ways to achieve that. To work 
towards/formulate corporate objectives (esp. with monitoring element). 
C- middl. e management - wants to stress and then said he didn'fl: "thinking about it, in an organisation such as ours its probably vitally important that management at 
every level fully understands the corporate business objectives and therefore perhaps 
we don't do enough talking to, or training, first level management or potential 
managers in these sort of areas, but that's only a ess and I wouldn't like to stress 
that, ... er.. you know, too much, 
but that's what I tM may be the case". 
A- senior management and middle management and passage of info. downwards. 
Says this is what happens but shouldn't necessarily happen. "It may be heresy to. say 
this in a way, ýut I don't necessarily think senior management are the right people to 
train more junior management or to pass on corporate objectives and policies - they 
may know them, they may even set them, but whether they are the best people to train 
other people in therri, I think they are not generally". 
Suggests might need body of trainers who deal in high level management. 
0- senior management 
E- identification of the needs and follow-up process. 
"In my own case, for instance, my senior manager identified on my last appraisal last 
year that sometime this year I ought to do a six-week external management course and 
fie wrote that down on my appraisal form. Now, I've sat back on it and not thought 
about it and I don't think anybody on the management development side has actually 
thought about it either so it seems to be that there's a weakness in the follow'up 
process .. when training is identified as 
being needed, so that, I guess, might be a 
constraint". 
321 
-Ma, D 3 T- "I know exactly the sort of area we're all talking about here but I don't know 
whether I can put a title to it, that's the only trouble". When asked if any words sprung to mind he laughed and said "Propaganda, but I don't think you ought to put that down 
.... I'm being flippant ... its not really propaganda, although it may have an element of that to it". 
- "trying. to make people believe its better, so you can keep them". Expert 
couldn't put a title to 3rd map off the top of his head, but agreed that it could perhaps be put into the P. R. role but thought this didn't encapsulate the whole idea. 
A- "my feeling is, we all are", - we all tend to say that the AA is good employer, so 0 all have input - not aware of it all coming from one particular area. Organisational " culture" is a good word, expert said, when prompted by interviewer: "Culture, if you like, is a good word, yes, organisational culture". But said AA culture not as overt as 
that of DEC. 
(Tape ran out at this point) 
Listened and took notes from tape recording 3/8/89 - surprising because interviewer's 
view of expert changed. On tape expert could be heard sighing fleavily and there were 
many quiet moments whilst expert thinking, but on whole, he seemed to be trying hard 
to answer the questions ps in erviewer felt intimidated at meeting 
, 
Eosed. Perha ,t 
because of manner whic was probably nothing out of the ordinary for the expert -just being himself. Notes from recordini, greatly helped interviewer understand what 
expert saying, evidence if difficulty or interviewer to take good notes at time of interview. On tape expert could be heard correcting interviewer where he thought her 
wrong but also often taking up her suggestions and using them. Expert even laughing 
at his own comments at times. 
NOTE - problem of interviewer's interpretation of what happened -3 days later she did not view the interview in quite the same light. After listenin to tape, interviewer felt that expert tried hard to do what asked, rambled a bit in plagces but seemed to 
make Some acute observations about ways things done in the AA and how perhaps 
they ought to be done. Because he again emphasised that he probably didret echo what 
the AA did/felt, seems he's aware that he's very much a "new boy". 
Root Definitions from CATWOE-questio 
"A second-line management-owned system to implement directorate policies about 
the way that unit heads are developed by the use of management training within the 
constraints of the worldng day" 
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policies about -T UHs are 
management training 
within without implementation; 
day 
constraints of 
working day not taken 
into consideration 
- implementing policies about way 
trained by directing mgt. trainin 
of 
g. 
constraints working 
W- Directorate policies about UH training should be implemented and should be 
done so within constraints of working day. 
2. 
"A senior management-owned sptem to help attam corporate objectives through the 
use of management training which is monitored and fed-back to the individuals CP 
concerned as an aid to attaining corporate objectives" 
corporate objectives 
noý nýet through mgt. 
training nor 
results of training 
monitored and fed 
back to help assess 
attainment of corporate 
01 objectives thr ugh MT 
attaining corp. objectives 
-T- by monitoring way that implement objectives so can 
decide if implementation is 
effective 
W- monitoring way that try to attain corp. objectives by mgt. trauung can 
enable the way AA attempt to attain corp. objectives to be reviewed and corrected if 
necessary. 
3. 
"A corporate body-owned system to use management training as a means of presenting 
the AA culture to current and prospective employees as one which is more attractive 
than that of other companies" 
training not training as a way of 
used as way of persuading AA employees (and 
promoting T- prospective employees) that the 
AA image to AA is a good employer 
employees 
W- training. can be used to persuade people that AA is a better place to work 
than other companies. 
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Eh-ase III 
Meeting with MrX. 29.11.89 Basingstoke 11am 
Present: Mr X, F-A. Stowell, D. West 
OBSERVATION 
1) Mr X- (exDert) 
E 
Pd P&ert, 
seemid much more relaxed and friendly than at the end of the last session. 
ded coffee and was very keen to talk about the promotion event in his dept. 
which was to begin the following day. In spite of being very busy and having a cold the 
expert seemed very pleased to co-operate, saying at the end of the session that he was 
sorry that this was probably our final interview because he had enjoyed our meetings. 
Said he thought it was a good idea to find time to sit and talk about this problem area becauselt is very important. After first CM expert readily agreed to continue but got 
another drink because of his cold. At end of session (after talking throu , gh 
CM 1 and 
2), he asked if that was the end - implying that he would not mind if he was asked to 
talk more. 
Interesting at end of session because expert asked what was to become of aU the 
information that had been collected. He said he hoped that it would be used for 
something because he felt that there were always some consultants doin& work for the 
AA and they always seemed to fizzle out - or at least he never saw anything come out 
of them. He had just been asked to fill in a questionnaire for UniSys and it had taken 
him 5 hours to do it! (the questionnaire was in a booklet form). 
2) Interviewer - D. Wes Interviewer was rather apprehensive about this interview because of the way the last 
meeting had gone. But expert seemed to be in good humour in spite of his cold and 
the session seemed to go well. Expert seemed to be able to remember what he had 
said atprevious meetings very well although on questionnaire he said that this had 
been his main difficulty. This expert has a lot to say on the subject and speaks fluently 
but quite quickly so it is sometimes a little difficult to keep up with what he is saying. 
This meant that interviewer sometimes had to sum up what he had said and ask if this 
was correct. 
3) Approach - CMs as a platform for discussion Expert said that he thought the interview was a "very comfortable, relaxed interview", 
and he found the task easy to carry out. He said that talking to a 3rd party helps to 
clarify things which perhaps had been given little thought but did not say whether he 
thought the technique had aided this discussion -just said ", possibly". He did say that 
the pictorial aspect of the approach made it "easy to follow' and said he had no advice 
to Offer about improving the approach because "I felt it went well". 
Expert did refer to the CMs when asked about a particular activity which seemed to 
help him focus on what was being asked. Also the CM activities were very helpful to 
the interviewer in that reference to them made it a little easier to structure the expert's 
answers - eg. sometimes an answer to one question might also cover another question. CMs helped interviewer to control the interview without, hopefully, imposing too 
strong a framework upon it - eg. CMs useful for stogping the expert from diverging from what being asked and prevented interviewer om being lead astray in the 
questioning whilst still allowing questions arising from expert's replies to be followed 
up (eg. in such a case the CM activities provided an anchor point to which interviewer 
could eventually return). 
1 '. 
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Figlire A7 Conceptual Model 1 
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Figure A ioConcýpal model 3 
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Quescions to be asked of ia! eE! fa! ý. e (txpert) 
r aicer complecion o h; cask 
I. 
Date: - 
", I. I%. il Name: 
How did you feel durlog the incerview? e. g. did you feel 
pcessurised, comfortable, Ill-st-ease with the approach? 
I 
2) Was the example of the approach Sivea clear eaough? 
3) --Whac were your maia difficulties (if any), with this exercise? 
-( 
rýý 
ý 
'14 
1" 
,ý, 'L" : "L" . 
4) Did you find it easy to carry out the task? If not, cam you 
explaia why? 
5) Did che approach used help to bring the area of concern loco focus? 
If so, how? 
Y. k 
6) Do you think che end result of this weecing would have beta any 
different if I had simply questioned you on the subject area? 
Lýý 
I 
7) Do you chink chore is any advancale La using a "pLctocLal* 
approach, such as the map, rachor then, say, a list fo M? 
ý&, 'ýk *, 6 -ý". 
a) Have you say advice to' offer as to how chis exercise could be 
J, mproved? 
9) Eulve you. takAn. "h', a' exazcls4a "SarAoufily"? If SO, Cad You quaufy 
tb. L a? 
Y", 
.6 
tef*.. 
Figure A12 Expert's comments on Phase M 
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I 
Date: --* .I Time: t Locationt 
Present: jVVY )( VW; PS 
lacecviewec: 'DVV 
Incecviewa* (export): Mr 
Title of inceeviewee: 
Interview No. with this expert: _, 
7 
I) Interview begins at: P. ^ý. zj Ends &C: 
2) Time taken to introduce and explain exampLat .4 
ý- 3) Did export ask questions abouc example? 
41ý1 - A few: 
Many- 
4) Task: Title: 
5) Time foe expert to complete task. 
34gin: 't 1,2 End Total: 
6) Did expert so0quattions when producing cap? if so what type of 
question? 
Questions asking for claciRcacion? YIN 
reassurance? T/ bf 
help? YIN 
7) Did expert undertake Cho task conDfld.. C I oc with hesitation? 
8) Was an example of the task provided? Did expert refer back to 
example? 
Occasionally? Frequently? 
9) Was Cho interview inc4crupced in any way? 11 $a, how? 
", t-- -'. *'-V--'- I"-, Qý I ý- -, Zb 
10) Setting foe interview including size of room, formaL/Laform4l 
seiazl. ag acrsagOMAdCS, peosence of achoc people. coffee. occ. 
U) Was. thore say Ladicacion of the activation foe the individual 
coocsruad. -, to. cak4 p"r in thiLs., omccise? 
12) Lny 
MýW. 4C1.2 .--. -.. -t- 
' --Z, - %, 
Z? 
Fico-rure Al 3 Interview documentation shee; 
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Example 2- Expert Mr Y 
ortsmouth. 15th March. 1 
FrLes-ent* Mr. Y. D. West. 
OBSERVATIONS 
.! 
)-ar'YYI. ý: e Lert 
Mr Y has been associated with the project formally since Aug. 1988 and has been in 
contact with the project since Feb. 1988. He is the contact with the CASE industrial 
partner and is the industrial supervisor to the project. 
Age: 48ish? Enthusiastic, affable, competent, knows D. West and the-Project well so 
the interview was unlike the others conducted in that he was aware ot some of the 
project details. 
The interview took place at Portsmouth Polytechnic as Mr Y was visiting the School to 
check on equipment being supplied by his company for the project. The equ ment did 
not arrive as planned and as this was not the first time that arrangements haTnot been 
fulfilled, Mr Y was somewhat agitated and therefore began the interview perhaps not 
. 
as relaxed as he would normally have been. 
Tle expert seemed to pick up the ideas of the map quickly and from the example 
given said that he thought it a successful approach for illustrating elements relating to 
a problem. He began the exercise by writing what he was taking a "manager" to be at 
the top of the paper provided. Once he began the map he quickly produced enough 
elements to fill the space around the centre "blob" and had trouble fitting more in - 
possible that the lack of further space limited his response which ma have been a 
good thing as he admitted that in the case of the blue "blobs" he migýt be getting into 
more detail than was necessary at this stage. 
He su&gested that the colour of the pens used could be roughjy categorised into the 
following: Blue - costs; Red - personal, about the individual; Green - market factors. 
The expert was able to explain his map but the way he kept moving around the map's 
elements seemed to back up his answer on the questionnaire to Q3, that his main 
problem with the task was that he tended to "butterfly" around in his thought processes 
rairly randomly. 
Expert said on questionnaire (Q1) that he felt "reasonably comfortable" and a "little 
e ri ed". A quýstion raised here may be whether it is better to interview the expert 
ipn h*5i 
su 
her own environment? Other factors probably led to the "pressurized" feeling 
the p hone in the room rang four times in quick succession which interviewer had to 
r 
SI 
answer since expert was waiting for a phone call about the missint equipment. The 
third call was about the equipment and the expert had to deal v this. The phone 
calls came during the e )ert's explanation of his znap. A further possible distraction 
was the room in which 
te 
interview took place. Tle expert sat sideways up to the side 
of a desk. The room was also austere in that it had been cleared ready to received the 
new equipment and as a result produced a slight echo. 
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2) D, West (interviewer-) 
Interviewer not terribly happy with the interview as the e rt was clearly not "settled" 
- had the problem of the missing equipment on his mind.? neterview seemed different to 
others conducted because interviewer and interviewee know each other. Interviewer 
distracted by the phone which made it difficult to concentrate on what expert saying. 
-3) 
Method used - Ma- Expeýt said he thought the ma could be a "most useful tool" but said that in this 
exercise it probably did not heFp to focus his ideas on the subject. He thought this was 
due to the fact that the problem of training is large part of his job - responsible in his dept. for training and education. Felt that he already had a Eicture in his mind of the 
domain. Expert recognised the use of the map to record HI ideas on the subject 
rather than his ideas transcribe d/interprete d by the interviewer. Expert acknowledged 
the use of the map in guidin one into thinking about the dependencies of the 
elements and the fact that t 
ýe 
space constraint encourages "taut phrasing". 
Advice offered by expert regarding the approach - to restrict the number of "blobs" to 
about 8 or 10 but to allow many dependencies and then to allow wýrt to expand a 
da or-two-later. Also suggested the need to define abstract terms (this was an 
intyeresting comment because the work done by the team devýlopipg PARYS at the 
AA had been concentrating on defining what was a "manager which had involved 
defining the terms used such as "empathy" and "leadership". Tle expert was aware of 
this work). 
The map seemed to produce the expert's picture of reasons 
but it seemed that while the expert recognised the use of the 
dependencies between elements, he found it quite difficult v 
which he tackled the elements of the problem. Expert said ai 
redrew the map, I'd probably re-arrange the elements". 
for management training 
map to Blustrate 
o control the order in 
t one point that "if I 
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1: 
LRV+3 UW/1Z. -;.. FJY3 UA te3 %e, rimes 
I gS Loc2tiens lvlýýb C1 Nl* 
Present I 
I 
Interviewers 
Intervie-00 (expert)l 
Title of intarviewoe: 
Interview No. with this experts 
.................................................................. 
1) Interview begins ati Ends ats 
Z) Time taken to Introcuce, and explain examples 
Did *xp*P7ý, ask questions about *, x&, flQL*7 
Nones' 
A Fews 0.1vol 
Many: 
4) Task: TitI Is I e, ^ 
4) Time for expert to Complete task. Becims Ends 341 Totals 
16 
6) Did *Kpart ask questions wnem producing mao? If so what tVpa of 
question? 
Questions askino for clarification? YhOr - &Aý4ýd U. -. J 
Mel Is 
7) Did expert undertake the t&Sklr-. 
=-, 
Fi.. Ml! l or with hes&t&tLoM'? 
8) Was an example of the task providedX Did expert refer back to 
example? NOV' 
Occasionally? FreQuently? 
9) Was the interview Interrupted in any way? If so. how? 
V, ý 
"-f" V-A -_Zr 
10) Setting iofý interview including s&. * of room. " formalltntor AL 
seating arrangements, presence C# Other people. C0440* etc. 
AA a 01., G dLV, 
C*-* I. 
mj, -,; Xea" ý-*Ilr- 
11) Was their any indication of the motivation for the individual 
concarmed to take part in this exerC1107 
cf"4", 
I. -) Any other coservatloms? 
-, 61-4-l' LA I 
vC rw. o". &. -LA 4, 
4. 
Figure A16 Interview documentation shee; 
336 
Phase I 
MeetinQ with MrY Basingstoke. 22/8Z89 2m 
Present. Mr Y, F. StoweH, D. West 
OBSERVATTON 
1) Mr Y (e=ert) 
Interviewed expert in own office this tune ýat Ports. Poly. for Phase I) - expert more relaxed than with phase 1. Expert spent quite a long time considering the division of the composite map into the 3 maps (31 mins), discussing each element in turn. Concluded that he could accept the division offered as a reasonable interpretation of 
reasons for management training although made some changes to each map (see 
expert's maps for details). Expert joined together 2 elements in map 1 and moved 1 
element from amp 2 to map 1. Interesting that expert seemed to see the amount the 
bubble overlapped the central element as being representative of the degree of 
importance of each element. This had not been intended by interviewer when drawing 
maps but indicates another possible type of information that can be shown in the 
maps. Expert therefore suggested that 2 elements (one on map I and one on map 2) 
should be shown overlapping central element less. 
In map 2 expert also moved 1 element to become a secondary element to another 
element. In map 3, expert changed word "employers" to "business 
organisation/competitors". 
Length of time expert spent considering the 3 maps may have had a direct benefit on 
the Ed part of the task, ie. the CATWOE test questions. Expert answered CATIVOE 
questions confidently, but gave himself time to think. Said at one point, chuckling, that 
he saw what was being attempted and thought it was very cleverl 
Expert said that he didn't view the maps as a pyramid but later talked about the 
activities in a hierarchical fashion. 
2) Tnterviewer - D. Wes Second interview of the day - felt comfortable because know expert well but also a bit 
apprehensive seeing as expert is sponsoror of the project. After the one hour was up 
interviewer asked expert is he would prefer to stop but expert readily agreed to 
continue until he had finished the task (only about another 15mins). 
3) Technique - map division and CATW E questions to help name MU 
Answering CATWOE questions seems to benefit from a discussion and good 
observation of the elements of the 3 maps. This expert made quite a few changes to 
the 3 maps - interesting to see if these changes reflect expert's views as indicated in his 
phase I map. 
NB 
. 
perts made the most alterations and spent most time Also interesting to see which ex 
discussing the elements shown in the maps. Eg. it may be that managers who are most 
involved in thinking about management training are those who make most changes to 
maps Also it may be that the more practical, operational managers make less changes 
to the maps. Implication for presenting composite and divided maps? Perhaps division 
most useful for some types of manager whereas other managers would prefer to make 
their own division. 
Expert said he felt "reasonably comfortable" but "pressurized". When asked about this 
expert said this feeling was not due to the interviewer or technique but because he was 
being asked to talk about management training - strange as tbislis a large part of his D0 
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job eg. IT training and development - perhqs the expert does not feel entirely 
comfortable talldng to "academics", especially as expert seems to have hiýh regard for 
good academic qualifications and believes in the importance of research. 
Said his main difficulty was trying to express abstract conce " ul xal" aspects 
,, 
tersely and clearly" (this applies to map 3). Said approach 
geslpoend in. 
tthljat it promoted 
considerable thought on the motives and benefits of management training" and felt 
that without the use of a technique "we'd doubtless have lost our way - the framework 
was valuable as a focus". Said personally he found pictorial approach useful by warned 
that other people (eg. accountants), may prefer lists. Suggested that exercise could 
possibly be improved by conducting are-appraisal a few days after the task had been 
completed so can think again once ansing thoughts have settled. When asked if he 
found the task easy, he wrote: "Not that easy! Had to really thinkl" This could be an 
advantage - ie. that approach made expert think about what being talked about - difficult to give quick answers - or is it an indication that the task was too difficult? Said he'd taken exercise seriously but maintained a "small amount of scepticism", 
which he explained as being due to his uncertainty of whether the research would 
produce any real practical benefits though sees its importance as research. 
Notes taken from expert's answers to CATWOE question 
ZMA 
T- belief that org. needs/succeeds through better trained people. Train person 
from current "tool kit" -> prof. skills, techniques ->a different "tool kit" to fit what 
expected of them (included learning new skills). 
C- individuals' being trained, reality - org. - AA as whole (organic 
growth/success of org. ). 
A- more senior managers who think training is nec. and senior mgt. of UHs 
needing trainin - providers rather 
tors)!. 
(Personnel and training groups Dlight to be actors 
than initiators) 
0- departmental manager. local mgt. (immediate sphere of operation) can't be 
imposed from outside. 
E ve positive towards mgt training (theoretical level), requires considerable 
stubboiý; eNy manager, that makes sure training is carried out. Budget constraint 
within a business. 
CM2 
T- level of social/cultural change - by external business environ. ment in wide 
sense. Reaction of AA to wider business environment eg. recognition that its practical 
to have women controls. Evolutionary policy-maldng (typical in AA) poficy-maldng 
evolves from below. 
,C- all individuals in AA, body corporate, individuals who (as result of map 1. ) 
moving through hierarchy with set of shared values. People get trained because makes 
them attractive. (To ensure a higher quality of service to customers). 
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A- everybody interested in results of mgt. training, eg. products emerging from 
it, from individual being trained to higher mgt. 
0- individual being trained and the body corporate. Individual is being trained 
to use a new "tool Idt" which will improve his performance and hence service level of AA but individual can decide not to use it. 
E- training facilities (practical). ýupportive environment to learning (physical 
and attitudinal). Mgt. services unique - in amount spent on and attitude to training. Importance of mgt. training - recognise change coming - change agents. 
CM 3 
T- difficult concept. Corporate image/relations. recruiting bet -in market place. Quality and excellence - vague concepts come into play. T$o" of body of senior 
executives, academic/business school propaganda -> working towards an ideal of 
excellence - to be seen in the big league eg. with the best (eg. MacDonalds). a 
C- Important to board level and highest level of mgt., corporate trainers and 
Personnel level. 
A- Middle mgt. (devolved back eg. identify people to be submitted for MBA 
development programme). 
ý 0- - Board (impetus from here), but also 
important for zniddle mgt. and to a 
lesser extent the individual being trained. 
E- The market (business) environment, also funds to be used for training 
(financial aspect), financial health of AA will influence training. 
. 
Notes from Tape Recording of CATWOE Question 
Mai) 1 
T-- transformation of individual from one set of skills to another; "to become a 
slightly different person in a business role"; enhancement of "tool Idt". 
C- individuals themselves (being trained); in reality its probably the organisation 
as it believes it has better trained, more aware people. 
A at one level - managers of the 0 ation, determining that training takes 
P lace. Personnel and training people ouAmmosbe involved as providers" once the need 
or training has been identified. 
0- local managers within ir=ediate sphere of operation - shoulda! t be forced 
from outside. 'Ile Ch=pion" - whoever wanting to take up 
issue of triinýng. 
Long term plans for training within a business. 
-MaI2 "Social/cultural change". External business market, competition, size, trends in society, 
new ways of doing things. a 
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"One is anticipating at the lower level of management training that a better 
recognition of the environment in which decisions in business are made is being incalcinated in the group" 
"evolutionary" activity in the AA 
I perceive the AA as an organisation which tends to evolve from the bottom up rathe 
than being directed from above" - says this is a characteristic of the AA. 
(Tape fails at this point) 
MW 
Even more difficult area to define. Corporate image, corporate public relations. Fairl) 
vague concepts come into play - part of it an "ego" thing ie. to be able to say good 
things about the AA; want to believe own "propaganda", eg. better people, better 
organisation. Also aspect of recruiting best people in the market place - image will help to do this. 
"f rrot%atndsaff; this is the word that Mr X used but said that it was probably 
4c heresy 6oa it - MrX onlywith the AAa short time but Mr Ybeen therefor "20-ish" years) 
Root Definitions 
1. 
"A departmental manager-owned system to train unit heads in the appropriate skills to 
do their jobs as is expected of them by their managers". 
2. 
"A corporate body-owned system to relay changes in AA "culture", brought about by 
attempts to reflect the external business environment, to management through 
management training which is to be maintained within a set budget". 
3. 
"A board and middle management-owned system to foster the AA s image as being 
one of excellence and quality through the use of management traininf so as to attract 
the best possible employees and give present employees a high status,. 
3 WO 
questions to be asked of Irttervtovee (export) 
after completion of the task 
Date: 2-'1'. "t» ; -! Namt: 
ffi lz lý 
How did you feal during the LacervLaw? e. g. 414 you feeL 
pressucised, comfortablep L11-ac-esse with the approach? 
2) Was the example of the appcoach given CIGAC enough? 
-(, 0: 5 
. 
3) What vere your main difficulties (if snyý, with this exercise? 
L 4--Jyoý. U"Vjýfs <n 
4) Did you find it easy to carry out the task? tf not, can you 
explai h? I kj ý h4 
avL / 
m- 
3) Did the approach used help to bring the are& of concern Loco focus? 
If so, how? 
O'd 
Oýd lbý Nw6cýw 
6) Do you think the and result of this meeting would have been any 
different if I had simply quesclou*d you an the subjece area? 
P'4j. WkVj as Cz ýý'5 7) Do you 'Ink there is say advances* im. using a *pictorial' 
approach, such as the map, rather than. say. a lisc foral 
8) Have you any advice to offer as to how thl I-a e-ld be 
Impro d? 
Z7 
); 'ý -4 ýL Laý* Yý 
9) Have you taken this exercise "seriously"? if so, can you qu. liýý 
this? C'ýAL 
Ref. DW/13.3.89 
Figure A17 EMert's comments on Phase 
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I 
Date: - I Time: Location. 
Present: N& 
IncervL4wer. 
IncerviewQ4 (exp4cc)s 
Title of laterviews4: 
Interview R). with this export- 
1) Interview begins act 
jk4_0S Ends act 
2) Tinto taken to Lacroduc* and oxpl&Lm examples ," -3 1- ---) ? -ý. . 3) Did expect ask questions about example? ^. a &A. 4' 1 11ý2t 
g, "! t-. -( 
4,0 
A few- 
Many: 
0 ""! z 
4) Task:, tAr'j'i ; -r2ez' Title, 
5) Time far experc to complete task *%. ( 'A J"k. -Ar 
Begin. I Lýn End: / ne Total: 
6) Did ex part ask questions whom producing map? If so What cype Of 
question? 
Questions asking for clarification? Y/ It 
rea;; urancel T/ it 
hel Y/ et 
10-11 7) Did oxptc-. undoccake the task confid F or wtCh hooLtacloal 
8) Was an example of the task provided? Did export Color back to 
example? M/ Y 'vi A 
Occasionally? Frequently? 
9) Was the interview Interrupted Ld any way? If so. how? 
lk4 
10). S4ccing for incervtow including miss of room. foemaLhaforimaL 
seating arrangements, pros-once Of Other People. coffee. occ. 
11) was there any LadLcacion of the mocLvacLod for the LadLvLdu4L 
concerned co take pace in this exaccisd? 
L2) Any other observational 
JIA;. Cý&4&jp j, ý* 
', 
'r"r-k 
r-C'et 
tols nw/13.3.89 
f-M, 
$";, I r 
"P4 ""%f 
Figure A18 Interview documentation sheet 
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Phase III 
Meeting with Mr Y 8.11.89 Basingstoke 2 
Br-esent-: Mr. Y. D. West 
OBSERVATTONS 
1) Mr Y- expe 
There had been some confusion over the time of the meeting. Expert had changed 
time and not informed interviewer. When interviewer arrived at AA at 12.30prn had 
been told that interview was scheduled for 3.30prn and not 12.30pm. At 1.45pm 
interviewer had been told that the meeting was arranged for 2pm. But expert did not 
return to his office until 2.30pm so interviewer had time to sit and do other work. 
Expert very busy at moment. Has a new Director who seems to be keeping his staff 
busy - lots of meetings. However, expert had arranged to give interviewer two and a 
-half hours. 
Expert seemed to pick up what was expected of him very quickly (eg from the 
introductory explanation of what had been done since the last meetin and what was 
planned for the present session). Expert seemed quite happy to 
2 nagout 
the 
different activities and showed no sip of impatience in Spite of his obvious business. 
On the questionnaire he said that he felt comfortable with the exercise although 
occasionally he found it difficult to construct a response to the question posed and that 
his main difficulty was in "not going off into too many side excursions". Expert seemed 
to be aware that he sometimes rambles as he kept stopping and telling himself to stop 
rambling I 
Expert talked in relaxed manner, saying that certain activities were difficult to describe 
because they were based upon experience, intuition etc. 
This was the loqest session of the 3 phases with this expert and expert said at end of 
session that he did feel tired but had found the discussion most interesting. 
2) D. West - Interviewe This was the interviewer's second session of the day. Confusion generated over the 
time of the meeting had meant that there was a bit of tension in the air (with expert's 
secretary) but interviewer was aware of this and tried hard to diffuse it before start of 
the interview. 
Interviewer found agenda for CMs invaluable in structuring the interview, especially as 
expert tended to talk about one activity and then drift into talking about another - 
having the CM and agenda made it relatively easy to follow the expert's line of thought 
and then to return conversation to the original point. eg. technique lent frarnework 
within which to explore the activities. 
Interviewer was be to feel quite tired by the end of the session - probably 
exacerbated by thel= tgo keep as good records as possible about what was said and 
what happened. 
3) Approach - use of CMs to generate questions and discussion 
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As asked expert did not attempt to discuss the merits of the CMs but seemed to find 
the presence of the models useful as expert tended to point to activities on the CMs 
and then talk about/around them. 
The relationship between the activities within the 3 CMs seemed to be quite close in 
this case, they tended to feed into each other. Eg. when talking about a articular 
activity in one CM, it could be seen that it either fed into or came out ofanother CM 
discussed. 
Whilst talking expert seemed to recognise that when following an argument in his 
mind about a particular activity, other things he said tended to relate to other activities 
in the model. Eg. the conceptual activities seemed to relate to what he thought and felt 
which is what would be expected because they have been developed from expert's own 
thoughts about the domain, not from another's perceived relevant problem situations 
as in SSM. 
An interesting thing to come out of the two session in this day - although experts 
reco&nised importance of "monitoring" activities as feedback for decisions about 
training etc. they tended to think that there little formal means of doipg this in the 
area and that perhaps it was something that just happened, came out in the wash. 
When asked about-absence of formal monitoring mechanisms, expert seemed to think 
that managers would be unlikely lo be willing th spend money on setting up such 
monitoring procedures - they would rather spend it on the training itself. 
Expert said that he felt technique used was "more a question of confirmin,, 
relationships and structures" which seemed to be the case. Said that questioning 
without such a framework would have been unlikely to yield "usable results". ed the 
pictorial approach - said he was "very comfortable with such an approach". Had no 
advice to 6ffer about improving the techniques- said he thought the "technique is near 
enough 'de-bugged"'. 
Interviewer took the opportunity to try and explain the reasons behind the particular 
approach ado ted during the 3 phases - relating it back to problems of ES design (expert is in I. 
T. 5. Expert seemed to appreciative of what being attempted. He said 
that he had recognised elements of SSM and felt that they were very useful - said that 
he felt perhaps parts might be able to be incorporated into what his people did ie. 
problem solving. 
Seemed that the approach used is very useful for getting to understand domain - also 
helped to identify the "rule parts" and the parts that expert said were "intuitive! or 
"experiential" - perhaps this is what the approach has to offer. BUT can the "soft" areas be elicited ?- eg. go dirough the iteration again? 
Expert agreed that this understanding of the domain was vitally important for such a 
complex domain as mgt training (for ES development), but that more "deterministic" 
or "systematic" domains would probably be easier to handle and possible result in 
discussions which yielded "rules". Perhaps this should be tried? A main benefit of the 
approach so far seems to be its use to aid understandfng and possible making clear the 
relationships and structure between activities (in terms of structure, process and 
climate? ). BUT need to be clear on. how this differs from using SSM - perhaps because 
knowledge gained is individual specific and the approach tries to emphasise and 
enable this to take place. 
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Questions to be asked of incerviewee (arvert) 
after cocloletion of 'he casic 
Daco: '; s 0. -, j 55 Name - Nk (L I 
How did you feel during the interview? e. g. did YOU feel 
pressurised, comfortable, ill-at-ease vith the approach? 
2) Was the example of the approach given clear enough? 
3) 'What were your main difficulties (if any). with this exercise? 
n 
Ll 
Did you find it easy to carry out the cask? If Mac, can you 
explain why? 
"VY6 
5) Did the approach used help to bring the area of concern Lac* focus? 
If so, how? 
a17 
6) Do you think the and rssult of this meeting would have boom any 
different if I had simply questioned you on the subject &real 
\u v4A, 410 
.5-ýA. -ý 
it"O ý'ýLL L'a lum 'ý' U 'ný - 
7) Do you think there Is day advantage In using a 'pictorial. * 
approach, such as the map, rather than, Say. a list form? 
'LO 
_. 
-, IAI AVI Akakkz C&Llý Wý-a am 
4. 
dVil I 
8) Have you gay advice to offer as to how this exercise could be 
improved? 
9) Have you taken this exercise *seciously*? If so, can you qualify 
thl a? r 
xofý Dw/15.3.89 
Figure A25 Enert's comments on Phase 
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Time t r', Locacton: 
Present: AAf s 
tacerviewer. D. Weck 
tntecyiewas (expert); A-w Y 
Title of Interview**: 
Interview No. with this expert: 
L) Interview begins at: 2-30 Ends ati 46.2_0 
2) Time taken to introduce and explain example: 
3) Did exp*rc ask questions abouc example? 
None: q'4 
A few: 
Many. 
4) Task. Dý-7cýA^ft4ý, Ti CIO: 
5) rime for expert to complete cask. 
UgLu: Ind. Total: 
6) Did expert ask questions when producing map? If so what type of 
question? Gj_ý (M IV. 
IT .0 -47-f7un ", *" Questions asking foc cI&cif?,. 
XiZo. 
1'- 
: re:;; uracce? 
il/N 
he IN 
7) Did expect undeccaka the task confid*ntly oc with havitaciout 
was an example of the task provided? Did expert refer back to 
example? Ify 
Occasionally? Frequently? 
9) Was the interview Lncarrupc*d In any way? If so. how? 
V't-'ý-ZA 
----7 d. - . ^r. -ýW 
&*2- 
't 
Cc 
10) Saccing fo? 
ýc.. 
cvlew 11cluding size of room, formal/infocm4L 
searLag. arrauSeceacs, presence of ocher people, coffee. *cc. 
1ý. "J; -% ýYU& cA-rCA "14 
JAA. % . 
LI) Was cbcrlt ýy,, tuttp&rjcm of -tbe =otivaclon for th4 IndIvidu4i 
coac4med.: to, c k& 
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Example 3- Expert Z 
Phase I 
Meeting with Mrs Z. 19th May, 1989. Basingstok 
Present: Mrs Z, F. Stowell, D. West. 
OBSERVATIONS 
1) Mrs Z. - (eLcpert Age: early 50's? Interview had met expert before about six months previously when learning about PARYS. Forceful, enthusiastic character, speaks quickly. Interested in 
PARYS. 
When explained to expert the purpose of visit (ie information sought regarding 
reasons for management training), expert asked interviewer if she wanted a book on 
the subject? - implication being that it was an enormous subject. When shown the 
example she seemed to pick up the approach very quickly but her final map showed 
her to be using the approach in a way other than was explained in the example. The 
map she produced had a lot of detail in it. She started with the central element and 
added 8 secondary elements and numerous 3rd. and 4th level elements. Expert was 
obviously thinking hard whilst drawing map a: nd spent about IS mins. on the work 
before stopping and saying, that she felt herwork should-be checked to make sure she 
was producing what was expected. She said she felt she might be using the approach 
like a decision-tree - and seems she was because her mý. p showed that each level was 
an opening-out of the previous level, rather than recording the elements that effected 
the previous element. (However, main elements still valid and 3rd level elements - 
could be viewed as maps of 2nd level bubbles - although not asked to do this expert 
continued in this way - probably because very knowledgeable on the subject). 
Expert was able to discuss and explain her ma asily. She said that the approach 
enabled her to attempt to define the problem 
tyesyvematically 
working around the 
central element. When she stopped (, after 18 min .) she said that if she carried on she 
would be "unwrapping" each element and would therefore be producing a map of each 
of her elements and consequently giving much more detail. 0 
Later when discussing the approach used the expert said that she felt it was similar to 
Tony Buzan's "mind-Maýping" technique which was an approach she favoured (she'd 
recently been on one of is courses) eg. the use of pictures to build up a description of 
a situation. 
Concerning the approach used, the expert said that she did feel a bit pressurized and 
suggested that it might be worth the interviewer finding an excuse to leave the room 
while the expert is drawing the ma An alternative solution might be for the 
interviewer to tell the exýert that st is going to &et on with her own work while expert 
draws map. Expert said nat she thought she would have been able to produce a better 
map if she had been able to sit a while and think about the problem situation. She 
admitted though, that if she had been left alone she would have been more likely to 
answer the phone when it rang or talk to her secretary and so would not have given the 
same amount of constant attention to the task. 
2) Interviewer - (D, West Havin t terviewer was expecting a fiffl and detailed map. 
SmImet 
the exper before, the in 
A problem was that of keeping up with the expert's explanation of the map. 
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3) Approach used - Ma 
Unsolicited, the expert said that she thought the approach used had the advantage of 
speed and brevity because if she had been asked to explain the problem verbally or in 
writing it would have been an enormous task. She suggested that a disadvantage of the 
approach was that it "might" drive one into thinking about the problem situation in a 
particular way but did not explain further. She felt that the use of the map helped her 
to "concentrate the mind" on the subject and liked the way it allowed her to tackle the 
problem systematically. She felt the map approach was "clearer, sharper, quicker" than 
an approach based upon a verbal or written description of the problem. She thought 
the use of colour and the patterns that emerge from the drawing of the map useful and 
suggested that one could even use pictures (eg. like Buzan's). She felt that the map 
helped her to view the problem in a logical sequence. Her main problem was that she 
had felt pFessurized. She said that she had caught the interviewer looking at her watch 
(as interviewer noted down times), and felt as though she was being tested. Said she 
would have liked to have been left alone for an hour to work on the problem. Her 
advice about improving the exercise was to ensure that the "test" approach was 
minimised. She said that being watched whilst producing the map had made her feel 
uncomfortable. 
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Questions to be asked of inEerafe= (expect) 
after comolecion ot h cats K 
Date: same : 
How did you feel during the Lacerview? e. g. did you feel 
praxsurised, comfortable, Lll-&t-4&s4 with the approach? 
t4A r Afta h 
40-. 16 /ZrIPME9 
juý ZA"U 0-( C-4e-4 ialeA., j A.. -V, "& 
(41AZý& A,, O A&IA-MAt ý OL Xd-441.4-t.? 
2) Was the example of the approach given clear enough? 
Y. 
4-1 CjI e, 4; 
3) Wh" were your main difficulties (If any)o with this exercise? 
&t&-ta 
. 
ýý 
4 ý4-) 
(14 
4) Did you find ic easy cc; carry out the task? If Moe. can YOU 
explain why? 
ha A, &, JrW 
, 
ýJ7 rw 
5) Did the approach used help cc bring the area of concert Into focust 
If so, how? 
4,41 6-ý 
/ 
,, 0'. 
Oke 
6) Do you think che and result of this meecing would have been any, 
different if I had simply questioned you on Cho subject area? 
A, & AA --. e 
7) Do you think there is any advadcage In using a 'pictorial' 
approach, such as Cho map, racaor than, say. a list foral 
14,6 /, 
V, A, 
8) Have you any advice co'otfer as co he--? LhIs exercise could be 
J, VVJ4 
Improved? I 1ý0 AOU 
a -A. 1 
/14 
"4, -7/ 
9) Have You tAkau, ChIs exarcLse 'seciausly*? if so, can you qualLf? 
this? 
4e 
&I I 
Rlef: DW/15.3.89 
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A, 
Data: Time: L .. ci.. t 
P-044ac: 
lacecviewor. 
Incerviewee (expert): 
Title of incecviewe*: 
racerview No. with this expect: 
1) Interview begins at: 1-+110 Ends at. it. - 40 CL,. J-ýJ; j I-r-O S 
2) Time taken to introduce and *xplaia example: 
3) Did expert ask questions about example? 
110am: 
A few: 
Many: 
4) Task: Title - 
5111- 
tp", 
5) Time for. expert to complete task. ') ZýS-- 
Begin: E ad t 14 ") I, Tocall #-JAU- 
lu wl 6) Did expert ask questions when produLa;; 
)m*ap? c 
If so What type of 
question? 
Questions asking far claciftcacion? T/-JF 19 0.10 1 f. % .. 
reassucance? Y/f ^44, Ai CUA-tuk ,. c W6, I help? Y/N - Ad-J., 
7) Did expert undertake the task confLd*aC. Lr OC with hesitation? 
A ýAoLf... 
xt- f)r~j ýn_ tllrAl 
8) Was act example of the casic provided? Did expert refer back co 
example? Py 
. 
L. 1 4ýA b. 
Occasionally? Frequently,? I I. 4(: hdIA 
V-Ad f- 4k*lpaý 
9) Was the interview Lacerrupced in &or way? 11 so, howt ILLALI-- Z" r 1ý 4---r -a 
to) Setting for Laterviev including size of room, to rmal/ info rVal 
seating arrangements, presence of ocher people, coffee, *to. 
7t V6L 0-; A Sr. %, 19 tf t-S Arr; -j . 7-d, tt%-ý 
60-A, 
Lt) Van tfial any indication of the activation for the LadLvidu&L 
concerned to take part in this exercise? 
U) Any other observations? X 
I-AII4 A "W 
Raf: DW113.3.99 
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WL17 In-- 
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Dace: I Time: Location: 
Presenc: 
M 17' 
Interviewer: L'. 
ý In 
Incerviewee (experc). 
Title of inc*rviewee: 
Interview ýb. with chis expert: 
'J. 
1) raterview begins ac: 2 "b Ends ac. 
3 
2) Time taken to introduce and explain example. 
3) Did experc ask questions abouc example? 
NO at : U-*- 
A few: 
MA ELY' 
4) Task: Title: 
5) Time foe expert cc complete task, 
S4SLQ. 2 lcjý- End: S Total: 
6) Did expert ask questions when producing map? U so wh4c type of 
question? Vo -L-SAkA. 64Z. 'ýV'ý or 0ýk 
Questions asking for clarification? Y/'V 
reassurance? YIN 
help? YIN 
7) Did expert undeccaka the taskrcoalidencly-ce wtth hesitation? 
8) Was am example of the cask provided? Did expect refer baciL to 
example? VD. 
b, -ZA, "to 
Occasionally? Froquencly? e4zio to 
Was the interview interrupted. in &or way? ZZ so, how? 
-00ý-- 2T 6- -4--*- cj --r 6-4. -"W 91-d 1P 
V 
10) Setting foe incervIew including size Of Congo formal/Infonzal 
seating arrangements, presence of ocher people. coffee. sec. 
- C, 
I --a -7 ý ; '- II 14"kr" '-ý- - A47*-ýLh - Ar A. 4 d/*j EL) Was there any indication of ch4 activation foe ch4 Ladrvidu&L 
concerned to take part in this ex*ccLse? 
of 46 1.1 
LI) Any ocher Observations? 
-1 '. 4 vý -4tr &, LA- 01 Vo- 
Lr rt'. ' 
Ref: WAS .3 . 89 
1-4" "ýj , P- , eel Vt MIA* 
-- ýL-i 'L-'ý- . 1:, " t rt 0, ý. ' iC 
01 
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Ph_aLe 11 , 
Lsingstoke 30/8/89 2. pLm- 
Yresent: I'virs Z, F. Stowell, D. West 
LDSERVATT 
Ex 12L(tý, Mft-SZ 
Expert is one of the original PARYS developers. 
Expert very confident in talking about management training - being able to quote Maslow etc and also being able to give many practical examples as she spoke. Said she 
expected some of the other managers who had been interviewed were probably less 
confident when talking about management training because they did not specialise in it as she, and her colleague, do. Said it was a subject "close to my heart". 
At beginning of session queried that we were talking about management training AND 
development - was told "yes" although this phrase had not been consciously used - of management training" had been the phase used at outset when discussing the project 
with another member of the company. 
Ex - saying , 
pert spent nearly 30 mins going through the four maps, making adjustments 
which elements were key elements and which were of less importance. Decided that 
map 3 was not needed because she felt that AA did not train to enhance its image 
therefore map not included at CATWOE stage. Expert decided (when discussing "En 
of map 2) that environment of map 2 is all about "Image". 
Expert stressed that AA managers see training as a "cost" but should think of it in 
terms of an "investment": sayý ýts not good enotio to pay IiP-service to training. Says 
that when money is tight training is one of the first t gs to go. 
After discu s and re-wording some of the elements (expert recognised that 
AA use a p=anguage and also that departments within AA may use different 
"language" to each other), expert said that she could "go along" with the grouping of 
maps I and. 2. 
Expert readily agreed to take part again and gave advice, when asked, about the 
practicalities of using group meetings at phase IH - said should be no problem as AA 
managers are used to working in groups. Also gave information on courses at NTC and 
suggested the use of a voluntary questionnaire to be given to unit heads just having 
completed the general management course. ZD 
2) Interviewer - D. Wes This expert quite difficult to interview because of he forceful character but expert 
seems to be "on the side" of the research project and has given her full co-operation. 
Very corppetent expert who seems able to talk (quickly) about management from all 
angles which sometimes makes it difficult for interviewer to keep up with what being 
said. Did not need a lot of prompting but interviewer needed to keep an eye on the 
time to prevent interview from becoming "vague" (eg. at point where expert is looking 
at way the maps are divided and commenting). 
3) Approach - map division and CATWOE Questions to help e maps Seems that experts may benefit from spending some time loo0gy at the elements in 
the 3 maps - however, there is a danger that expe s can 'persuaded" to see 
management training in the terms offered by the intervie cr. Qg. not by interviewer 
persuading but by experts persuading th - niselves that the division is acceptable), - this 
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is not what is intended. Perhaps this could indicate good argument for letting expert 
divide composite map? But is stress that the division of the map into 3 is oalX 
representative of the researchers "interpretation" then perhaps this problem is 
overcome? 
Interesting that expert tended to want to add to/quantify elements and mentioned 
such things as "need to recognise standards, set criteria... " which are very important but 
which seem to be sub-elements of those named in the maps. These elements talked 
about by expert are expected to be revealed at the CM stage. Expert acknowledgin& 
the importance and relevance of these elements is reassuring in one sense because it 
suggests that CM might be of use in highlighting relevant questions. Seems as if this 
expert is one step ahead of the technique each time (the same for phase I). 
Expert said she felt comfortable and found the tasks easy to carry out. Said her main 
difficulty was understanding the language used to describe activities, eg. what was 
meant b" nif approach to management"? Thought technique was useful in 
helping 
LratLo 
"corinclentrate on a specific topic/activity to the exclusion of peripheral 
informatiod'. Said without the technique it would have taken longer to get the same 
information and there would have been "more red herrings/detours etc. ". 
Notes from CATWOE question 
- should talk about mgt. training and development. When mong 
is short mgt. 
training is one of the first things to be got rid of. Mgt. training needs to e seen as an 
investment and not a cost. 
- need to market company as an "employer" - eg. 1) how appear as an organisation (advertising, quality of materials, in 
touch with employment market) 
2) quality of mgt. development. 
BUT - AA does not do this - no fertilization between 
businesses; businesses can afford 
to have different "modus operandi". 
CM 1T- 
providing the opportunity so that individual can realise their own potential - 
to give confidence in their ability to do a good job, - to obtain quality support where 
help is needed; growth of the individual. 
C- individual (because talking about their expectations) 
A- Individual's own management structure, eg. their boss; Personnel, Trainers - 
as objective 3rd person - facilitators/providers - in communication and discussion and how to overcome problems. 
0- Ile individuals boss (their direct report) who are responsible for the mgt. 
of resources. Individual must make sure she/he takes part - realization that some 
change, training is necessary - eg. individual must accept responsibility 
for accepting 
problem exists and is to be addressed. 
E- need for interference by 3rd-party - financial - time off-, 
if individual cannot 
accept the need for training; not realized in AA how many opportunities there are to 
learn. new things in the course of everyday work. 
CM 2 
T- fact that level of confidence of mgt. population is being built upon 
continuously - creates stable environment - improves quality of the service or sales 
activity - contributing to the bottom line. Competence-level transmits 
itself into the 
way that people conduct themselves and way that they work. 
C- suppliers (in partnership with - insurance companies - 3rd parties outside 
the AA); customers - people who receive the services; workforce. 
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A- starts at the Directors and goes down to the bottom-line. 
0- Directors and General Managers; Training and Personnel - 3rd party advice. Those with executive authority. 
E- myth/reality. need to have high awareness of "theory'/beneEt behind 
training. What we have now is that bits are picked off when needed - tend to see staff as a cost not an investment. All this will enhance image of A-k 
Notes from tal2e recording 
MaI2 
T- to give confidence, to allow individual to develop their confidence to allow them to do a good job - "to obtain quality support in those areas where they need help, in terms of skills and abilities". 
- identification of those things that they need to grow and help grow them, eg. individual needs to recognise his/her needs to develop/change etc.. 
C- The individual (initially because talking about individual's epectatioas, 
motivation - wanting to respond - stand better chance of getting much higher 
commitment from them and their motivation increased becausi they perceive that 
what they're doing has a value. 
A- Individual's own management structure - sponsorers and developers. In AA tend to promote a third means of doing it - "more formal, thirdparty intervention" - Personnel or training profession come in here as facilitators - play a supporting role. 0 
0- "direct report of those individuals has the responsibility for making it 
happen" but also individual has to accept their responsibility - part of it could be self. development - iipportant part is the individual recognising that action needs to be 
taken - overcoming individual's own blindness - owness on individual to accept 47 responsibility. 
-E- Enviro=ental constraints to perpetuating things happening where there's 
need for interference from 3rd party. 1) financial constraint, 2) time olf to attend 
courses, 3) "individual cannot see it, individual cannot see what the problem is". 
MaI2 
T- "Its the fact that the level of the competence of the management population is being built on all the time", ct its having on the quality of the business itself', 
of J contributina, to the bottom line' 
ýýe 
level of competence transmits itself into the C way people manage all sorts, not just the people that really manage the 
systems .... expenditure ...... 
"Without making any investment, in terms of the individual's training and 
development, is it necessarily known, all the varie of options. If you take 
management as being a big tool box ... if you're del'& with a 
Japar, a standard ring 
spanner may not be a propriate, there may be a specialised tool you need in that kit 
bag, to be able to deNwith that. One, you've got to know that and, two, you've &ot to 
know which one it is, and is management a bit like that? And unless you make the 
investment to train the ... standard mechanic how to handle that specialist tool for that specialist equipment... you'll botch it by ignorance". 
Tape stopped here. 
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Root Definitions 
1. 
"A Unit Head and second-line management-owned system to provide the opportunity 
for unit heads to recognise and attain their potential in doing. their job well and where 
a unit head needs help to fulfil this potential, to provide quality support through the 
means of management training" 0 
individual provision of opportunity for indiv. 
attai=ent of to recognise and attain their own 
individual's -T- potential in doing a good job and 
potential provide help where needed by mgt. 
m-at. training training. 
job to be done 
W- that individual should recognise their own potential and work towards 
fulfilling it with help from mgt. training if necessary 0 
2. 
" An executive-owned system to continuously develop management competence by 
training so as to provide a stable environment in the company which will help to 
encourage and enhance the quality of service or sales activity undertaken by company 
employees". 
level of mgt. development of competence contin- 
competence uously so as to provide a stable 
service4sýles -T- environment which will increase 
mgý. training quality of product/service 
environment 
W- increasing competence will produce a stable environment which in turn %Vill 
improve service/product level. 
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Questions to be asked of interviewee (expert) 
after completion of the task 
Data: 2ý11 61A! ýft4i - Mame: 
m a's z 
How did you -! *-e+-dý the interview? e. g. did you feel 
pressurise com &t-ease with the approach? 
2) Was the example of the approach given clear enough? 
3) What were your main difficulties (if any), with this exercise? 
4) Did you find. it easy- to carry out the task? If not, Can YOU 
explain why? 6. 
5) Did the approach used help to bring the ares. of concern into focusL-.. 
If so, how? ýY2 Cat, M44=1r, :4 e 
6) Do you think the end result of this meeciag would h, &. vv bb 
'u uj Sf 
ny, 
different if I had simply questioned you on the, J. ct' Qý 
7) Do- yo hink there is &or- advantage in using a "PictortaL7 
approach. such. as the map, -rather than, say, a list form? 
8) Have you &. 7 advice to offer as to how- this exercise- could be- 
Impcoved? 
" ýjc 
. 
9) Have you taken this exercise 'seriously*? If so, can you qualify 
this? ft. AL 
C2,4,1ýzý 0a 
ca-ý 
4, voel'oj 11% ku, 
Ref: DW/15-3-89 
Figure A31 Expert's comments on Phase 
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Dace: Time: : L-r4) Lacsciodt 
Preseac: "Z 
lacerviewac: 
Incerviewes (experc). 
Ticla of interviewee: 
lacerview No. with chis expert* 
2- 
L) Interview begins at: ! c.. 4 D. 5 Ends at: /90 
2) Time taken to Introduce and explain example 7- 11 w" 
41A-br. 
- 
is ts--ýc r- -. fp 
3) Did expert ask questions about exampLe? Iteldtri 
cbVIV-Aý". JJ Iz,. 4 
110CL:: 
MAL my 
4) Task Title: 
;. ý D=ý 
5) Time for expert to complace task. 
Basin. End. I sb: 5, Toe aL: 
6) Did axperc ask questions when producing map? If so what type of 
question? 
4A-1j. -j, A 
Questions asking for Clarification? Y/1 
reassucance? YPY 
help? T/I 
7) Did expert undertake the Cask confidently cc with hesLcacicul 
F 2-f'U-41.2. 
8) Vas so exaaýla of Cho Cask provided? Did expert Cefor back to 
example? N/ T 
Occasionally? Frequently? 
9) Was Cho interview Locarrupced in any, way? If to, how? 
AN - 
LO). Soccing for interview including size of room, formal/LafatuaL 
seating arrangsments, presence of other people. coffee, acc. 
11) Was there any indicaCiOn of Cho moelvation for the IndLvidual 
concerned ca take part Im. Chis exercise? 
4c er-^ýt -r. ý A4, v d 4WZA, ýý P; 'A'I, 
u 
12) Any Other observations? 
--6u4' 
J-w 
-lP 
4L 
9,3, 
Fic-rure A32 Interview documentation shee 
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Present: Mrs 7, F. StowelL D. West 
OBSERVAITONS 
1) Mrs Z- E2a2ert 
Not terribly friendly reception from expert (no indication why this was so). A bit frosty 
to begin with but seemed to warm up as began to talk about the subject in question. As before expert had a lot to say. Gave about 70 mins. of her time, during which there was 
only time to discuss one of the 2 CMs. However, some of this time was spent in the 
production of a further iteration of the CATWOE questions for one activity in the first CM. 
2) Interviewer - D. Wes Interviewer had planned to use this expert to go one stage further into eliciting more 
detailed information and was a little concerned at how this would turn out. The main 
difficulty was that interviewer had not developed the second level CM and so had not 
had chance to look at the activities and consider the. order to talk about the acti-ýities. 
However, this is perhaps another indication of the strength of the approach - that the interviewer does not have to have an intimate knowledge of either the domain or the 
questions to be asked of the expert. 
Interviewer felt that this expert was a little difficult to deal with because of her rather 
brusque manner which is probably her character but which seemed to be hightened for 
this session. Interviewer forgot to hand expert the questionnaire at the end of the 
session - only remembered as was leaving. Expert agreed to fill in form later - but 
seemed to do so rather agitatedly. Would be sur ised if expert does fill in and return 
form. After this expert, interviewer went next doporrl to interview a further expert and 
when left at about 4.20pm Mrs Z had left and not yet filled in form. (NB - form 
completed and sent on several days later). 
) Anl2ronch - CM as aV atform for discussio The approach seemed to enable the interviewer to pursue the expert's own particular 
thoughts and feelin&s on the subject. This was particularly noticeable with this expert 
because on quite a tew occasions when asked if a certain activity was present in the 
real-world, expert said "no" but that she felt strongly that it should be - this seems to indicates that the CM was representing this expert's particular "IV" of the problem 
situation. It also suggests that the approach may be useful in detecting any areas of the 
expert's knowledgp which may be inconsistent or "illogical". 
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Figure A33'Concel2tual Model 1_ 
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A Further Iteration of the CATWOE. RD and CM 12hases 
It was decided to use this expert who had been inyofved in the PARYS development to 
try and go one stage deeper into the elicitation of the expert's knowledge about the domain. This was carried out by a further iteration of the CATWOE, RD and CM 
stages of the approach on one of the activities in CM1. Ille activity was selected because it seemed of central importance to the "transformation" of CM1. and seemed likely to yield interesting knowledge if the approach could be taken a stage further. At 
the beginning of the session the CATWOE questions were asked of the expert for the 
selected activity, the answers were then passed to F. Stowell who developed a RD and CM from these answers. During this time the interviewer continued to question the 
expert on the original CM1. At the end of the discussion of CM1, FAS handed over 
the CM he had produced and DW then questioned expert about the activities that 
were present in this new CM. It soon became apparent that the expert's answers to the 
questions posed about this set of activities were the ideas and thoughts that had been 
instrumental in the expert setting up the PARYS knowledge-bases. (PARYS = (NOT) Yet Another. Personnel Record-kee ing System). Eg. "Define attributes of each unit head under line-managees responsigilility", and "ensure UH's are aware of management 
attributes (eg. what makes a good manager. in the eyes of the line manger)". (NB - the CM produced said nothing about defining job attributes. It may be useful to think 
about why this was so because in PARYS the deýelopers concentrated on people 
attributes and job attributes. However, in discussions with Mr B he said that. he did not believe this was the correct approach - saying that one could try and catejonse, sum up an individual's attributes but felt it was wrong to do this for each job . Question - does what the CM outlined match more closely with the type of idea that another 
expert was talking about - eg. how they are h in to develop "generic" job es - 
perhaps this corresponds more closely to the activity which says "ensu t 
8Hs 
are 
op* g ly 
aware of management attributes 
This is an interesting result. FAS said that when developing the RD and CM he had 
not considered what type of information would be extracted by such activities but had concentrated upon producing an RD faithful to the extracted CATWOE elements. This expert had been used because it was felt that as she had a personal interest in the PARYS, goject she would probably agree to Wing the questioning stage one ste further. e fact that she already had some well-though-out ideas on the subject 
? 
ad not been influential in chosing this expert to go a step further. Another reason for using this ex 
. 
pert was that she was one-of the last experts to be interviewed for phase ! II and by this time the interviewer felt that the use of the technique had been shown in several different interviews and felt that the approach could be used to gain further detail on the subject. 
What may be an important aspect to come out of this exercise is that the results 
seemed to imply that the technique used was able to point out the kind of things that 
needed to be known/thought about if that particular "W' was to be investigated fully. Because of the expert chosen it may well have been that because the expert had 
thought about this subject in detail for PARYS she was better able to answer the 
questions posed. BUT if this is the case it still sug&ests that the approach was able to 
tease out the areas of concern for this particular view of the domain. The next ' 
question would be: can the technique help to go further? eg. a further iteration of the 
activity "Define attributes of each UH under line-managees responsibility" - would this have helped expert(s) to discuss this area? This exercise, although only used with one 
person. 
The result of this stage also suggests that the approach is able to focus ýpon the "Nv- 
and perceived'T' that the expert describes. Miis has also been noticed in the other 
368 
phase HI sessions - ie. that the experts rarely contradict a certain activity in the CM - they may say they do not think it possible/necessary but do not say it is wrong. This is 
probably a strength of the approach because it does represent the logical constituents 
of the 'I" and "W" of the expert - it is a "conceptual" picture of Ihei understanding (as interpreted by the interviewer) of the situation. This would seem to be of particular interest and benefit for the Knowledge e* 
leer 
because what is being sought is a 
representation of the e=er-t' "thoughts"Nbmeliefs", "assumptions", etc. regarding a 
particular domain. of expertise. An additional advantage of the approach is that it 
encourages a consideration of the wider aspects of the situation under investigation, 
eg. the CM developed by FAS indicated elements not only relevant to UH attributes 
and management attributes but also to things like "provide feedback to individual UH 
on erformance" which may not otherwise have been obvious to the problem that the 
RUYS developers tackled. 
Answers to CATWOE questions - second level 
C- company and the individual 
A- individual; their boss; facilitator - mgt. development adviser - independent 3rd party. 
0- line-manager (UH's boss) 
E- depend-s on framework - absenteeism -a great opportunity for development (less formal); but environment needs to be within some formal groundrules. 
T- (from the activity selected) 
"know how to provide opportunity for UHs to recognise their own potential" 
Root Definition - level 2 1. 
"A line-management-owned system to provide opportunities for UHS to recognise 
their own potential within the context of their worldng environment". 
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Ouescions to be asked of interviewee (expert) 
after completion oe the cask 
Dace: I/// II lame: tA ýS 
1) How did you feel during the InctrViev? e. g. did you feel 
pressurised, comfortable, ill-st-ease with the approach? 
Aýz -, 4-r Ztfe, COMAXIMIýf-g 
Z) Was the example of the approach given clear anoulh? 
YkS 
- 
3) 'What were your main difficulties (1! any), with this exercise? 
4) Did you find it easy to carry out the cask? If not. can you 
explain why? 
Did the approach used help to brims che area of concern facull 
tf so, how? 
/V6 
6) 00 you think the end result of this meeting would have been &or 
different if had simply quescioned 7ou on the subject &test 
7) DO You think there is any, advancage In Using a *Pictorial* 
approach. such as the map, rather than, Mayo A list form? 
3) Rave you any advice to offer as to how Chid exercise could be 
Improved? 
9) Have you taken this exercise "seriously*? If 1*9 Can YOU qualify 
this? 
16 
mt AT 41ý 
?. -af: OW/15.3-89 
Ficamire A3ý, -Fxveres comments on-P-hasg-, -M 
Pcn- 
Poý 
L. ji 
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